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Abstract 
Low levels of physical activity and high levels of sedentary behaviour are major 
public health concerns. Whilst the benefits of moderate-to-vigorous intensity 
physical activity for health benefits are well-documented, there remains a need for 
deeper understanding of the effects of sedentary behaviour and light intensity 
physical activity on total wellness. The construct of total wellness incorporates a 
holistic approach to body, mind and spirit.  A key goal of successful health 
management is to achieve lifestyle changes which enhance total wellness.  To initiate 
lifestyle change and more importantly to maintain these changes generally requires 
challenging long-term processes that require great personal motivation.   
This thesis by publication contributes to current literature by examining the role that 
technology can play in the promotion and support of an active lifestyle through self-
monitoring, goal setting and other behavioural strategies that increase physical 
activity and reduce sedentary time. The general aims of this dissertation are: 1) to 
provide baseline data to enhance our understanding of the effects of sedentary 
behaviour and physical activity levels on total wellness, 2) to provide an accurate 
self-report instrument to quantify sedentary behaviour and light-intensity physical 
activity among sedentary adults in all aspects of a free-living environment, and 3) to 
provide empirical evidence that using an online personal activity monitor to reduce 
sedentary time and increase physical activity levels may be associated with increased 
total wellness among sedentary adults. In order to examine these three general aims, 
five papers were designed, implemented, evaluated, published or submitted and these 
form the majority of this thesis. The five papers provide: (1) an examination of the 
differences in adult total wellness based on being in a group with high/low levels of 
sitting time combined with insufficient/sufficient physical activity; (2) the 
  iii 
development of an accurate self-report instrument to quantify sedentary behaviour 
and light-intensity physical activity among sedentary adults in a free-living 
environment; (3) the establishment of the instrument validity and reliability; (4) 
information concerning the effects of an online personal activity monitor to reduce 
sedentary time and increase physical activity; and (5) the relationship between 
changes in sedentary behaviour, physical activity levels and total wellness. Each 
paper addresses the individual objectives of the overall study, in terms of its 
particular introduction, method results, discussion and conclusion. 
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Chapter 1:  General Introduction 
Despite the well-documented benefits of being physically active, it is widely known 
that many people fail to meet the recommended levels of physical activity (Hallal et 
al., 2012). Alarmingly, physical activity levels around the world are declining within 
both child and adult populations (Kahlmeier, Racioppi, Cavill, Rutter, & Oja, 2010; 
Tremblay et al., 2011). According to the World Health Organization (WHO, 2011), a 
minimum of 60% of the world’s population fails to engage in physical activity at the 
levels required to induce health benefits. In a recent analysis of nationally 
representative United States of America (USA) accelerometer data, Tudor-Locke et 
al. (2010) found that American adults spend most of their waking hours (56.8%) 
engaged in sedentary activities, 40.4% in low or light-intensity, 2.6% in moderate 
intensity, and 0.2% in vigorous intensity physical activity (Tudor-Locke, Brashear, 
Johnson, & Katzmarzyk, 2010). Australian adults, on average, spend 9.3 hours/day 
of their waking time engaged in sedentary activities (Owen, Bauman, & Brown, 
2009). 
Today, in many parts of the world, lifestyles have become increasingly sedentary at 
home, work, and during leisure time, particularly given the increasing popularity of 
computer usage, video game playing, and television viewing (Matthews et al., 2008). 
This sedentary lifestyle may be contributing to the increased prevalence of obesity 
(Banks, Jorm, Rogers, Clements, & Bauman, 2011; Duncan, Vandelanotte, 
Caperchione, Hanley, & Mummery, 2012) and the subsequent development of 
chronic diseases, such as type 2 diabetes (Grøntved & Hu, 2011b), cardiovascular 
diseases (Grøntved & Hu, 2011b; Wijndaele et al., 2011), metabolic syndrome, 
(Bankoski et al., 2011) and weight gain (Mozaffarian, Hao, Rimm, Willett, & Hu, 
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2011; Sugiyama, Ding, & Owen, 2013), independent of time spent on moderate to 
vigorous activity (Bankoski, et al., 2011; Duncan, et al., 2012; Grøntved & Hu, 
2011b; Owen, Healy, Matthews, & Dunstan, 2010a; Sugiyama, et al., 2013; 
Wijndaele, et al., 2011). 
In contrast, it appears likely that spending more time engaged in light-intensity 
physical activity (e.g., standing or walking) has an independent beneficial influence 
on health (Healy et al., 2007; Levine et al., 2005; Levine & Miller, 2007). Hence, 
there is a need for an accurate measurement to quantify such activities in a free-
living environment. Objectively monitoring devices, such as accelerometers and 
inclinometers, have been used to measure the total time spent in both sedentary and 
light-intensity physical activities. Triaxial accelerometers can quantify sedentary 
behaviour via the amount of time spent below a pre-defined intensity threshold 
(Biddle et al., 2010), whereas the time spent in different postures  lying, sitting, and 
standing  can be captured by inclinometers (Biddle, et al., 2010; Carr & Mahar, 
2011).  Nevertheless, when defining sedentary time, investigators have begun to 
classify standing differently from sitting (Owen, et al., 2010a). Through the use of an 
inclinometer function, accelerometers now have the ability to measure the position of 
the lower body. Consequently, standing may be treated as a separate activity that is 
classified as light (Harrington, Dowd, Bourke, & Donnelly, 2010). However, it is 
typically not feasible to use accelerometers to measure sedentary time and light-
intensity physical activity in large population studies because of the high cost of 
accelerometers and the technically complex analysis of the data is labour-intensive 
(Slootmaker, Schuit, Chinapaw, Seidell, & Van Mechelen, 2009). Furthermore, these 
devices are unable to provide information concerning the specific activity type (e.g., 
watching television versus using a computer), nor are they able to afford 
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opportunities to gather information on where such activities occur (e.g., at work, at 
home, while using transportation, or during leisure time) (Matthews, Steven, George, 
Sampson, & Bowles, 2012; Rovniak et al., 2010). Self-report methods remain the 
most commonly used method of assessing sedentary behaviour and physical activity 
levels (Otten, Littenberg, & Harvey-Berino, 2009b; Owen et al., 2011; Sarkin, 
Nichols, Sallis, & Calfas, 2000), primarily because they are relatively easy to 
administer and are generally acceptable to study participants (Montoye, Kemper, 
Saris, & Washburn, 1996). Self-reports should be used in addition to objective 
indicators of movement to quantify the amount of sedentary behaviour and light 
intensity physical activity throughout the day (morning, afternoon and evening, both 
week and weekends days), and across all domains: work, leisure, home and transport 
(Matthews, et al., 2012; Rovniak, et al., 2010). Targeted self-report questionnaires 
may help researchers and public health officials formulate domain-specific strategies 
for intervention studies focusing on reduction of sedentary behaviour and increased 
light-intensity physical activity. 
 
In many societies, increased attention is being paid to the development of potential 
intervention methods that focus on reducing sedentary time and increasing light-
intensity via activities such as the use of standing desks (Speck & Schmitz, 2009), 
sitting on therapy balls instead of regular office chairs (Beers, Roemmich, Epstein, & 
Horvath, 2008), sitting and operating a stepping device (McAlpine, Manohar, 
McCrady, Hensrud, & Levine, 2007), and using a walking workstation (Levine & 
Miller, 2007; Thompson, Foster, Eide, & Levine, 2008). When sedentary behaviour 
has been removed from waking daily activities, a  recent position statement on 
physical activity and exercise intensity terminology indicated that the majority of 
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activities during waking hours are light-intensity physical activity, accounting for 
92% of adult physical activity; meanwhile, approximately 6% of activities represent 
moderate or vigorous levels (Norton, Norton, & Sadgrove, 2010). Furthermore, 
increasing light-intensity activity in a free-living environment has been shown to lead 
to increases in total daily energy expenditure (Levin & David, 1999; Levine, 2007a). 
Recently, several studies have focused on interventions to increase energy 
expenditure through engagement in light-intensity activities. The energy expended in 
single, discrete movements, classified as Non-Exercise Activity Thermogenesis 
(NEAT), may be small, but the cumulative effects of the many activities falling into 
this category generally make them a significant contributor to energy expenditure 
(Tremblay, Esliger, Tremblay, & Colley, 2007). For instance, a review of 
experimental research by Levine and Miller (2007) found that if obese sedentary 
adults were to replace 2 to 3 hours of sitting in front of the computer with walking, 
energy expenditure could increase by 100 kcal/h.  
 
Increasing light-intensity physical activity and reducing sedentary time are not just a 
case of using equipment to change daily routines, but also motivating individuals to 
take charge of their behaviour to improve their overall wellness, a concept that 
encompasses much more than health-related perceptions (Hermon & Hazler, 1999). 
Wellness has been described as “A way of life oriented toward optimal health and 
wellbeing, in which body, mind and spirit are integrated by the individual to live life 
more fully within the human and natural community. Ideally, it is the optimum state 
of health and well-being that each individual is capable of achieving” (Myers, 
Sweeney, & Witmer, 2000a)(p. 252). In other words, wellness is a term that 
encompasses an individual’s outlook on life, including his/her perception of personal 
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physical activity, happiness, learning, society, work, and spirituality (Corbin, 
Lindsey, Welk, & Corbin, 2013). Wellness involves interactions among six 
dimensions including physical, occupational, social, spiritual, intellectual, and 
emotional. These dimensions are enmeshed, related, and, when properly balanced, 
provide the individual with optimal health or “high-level wellness” (Greenberg, 
1985; Hettler, 1980). To many in public health, the physical dimension represents a 
“person’s ability to function effectively in meeting the demands of the day’s work 
and to use his/her free time effectively”; this includes regular, appropriate physical 
activity (Haskell et al., 2007) and possession of useful motor skills (Corbin, et al., 
2013). To date, however, few studies have attempted to explore the impact of 
sedentary behaviour and physical activity levels on total wellness. Moreover, little is 
known about the effect on total wellness of intervention methods that focus on 
reducing sedentary time and increasing physical activity levels. 
 
General Aims of the Thesis 
 
The brief review above is more thoroughly discussed in the literature chapter that 
follows; however, a number of gaps in the research were identified. Consequently, 
the overall aims of this thesis are to: 
1. provide baseline data to enhance our understanding of the effects of sedentary 
behaviour and physical activity levels on total wellness, 
2. provide an accurate self-report instrument to quantify sedentary behaviour 
and light-intensity physical activity among sedentary adults in all aspects of a 
free-living environment, and 
3. provide empirical evidence that using an online personal activity monitor to 
reduce sedentary time and increase physical activity levels may be associated 
with increased total wellness scores among sedentary adults. 
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The specific objectives of the research were to: 
 examine differences between high/low levels of sitting time with 
insufficient/sufficient physical activity for total wellness among adults, 
 develop and validate a self-report instrument, the 7-day Sedentary (S) and 
Light-Intensity Physical Activity (LIPA) Log (7-day SLIPA Log), to 
measure sedentary behaviour and light-intensity physical activity across 
four daily life domains (work, transportation, home, and leisure time) and 
sleeping among sedentary adults during free-living activities, 
 examine test–retest reliability of the 7-day SLIPA Log to measure 
sedentary behaviour and light-intensity physical activity across four daily 
life domains (work, transportation, home, and leisure time) and sleeping 
among sedentary adults during free-living activities, 
 examine the feasibility and effects of a four-week intervention in which 
an online personal activity monitor was used to reduce sedentary 
behaviours among sedentary adults during free-living activities, and 
 evaluate whether participation in a four-week, online personal activity 
monitor-based intervention program targeted to reduce sedentary 
behaviour and increase physical activity levels in free-living sedentary 
adults is associated with improvements in total wellness. 
 
Content and Structure of the Thesis 
This thesis is presented in publication style, which has a different structure from a 
traditional thesis in that it is based around a series of scholarly journal articles that 
are connected by short linking summaries. Following this introduction, Chapter 2 
critically reviews the literature related to sedentary behaviour and physical activity 
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(definition, assessment, and associations of sedentary behaviour and physical activity 
with health). It will examine interventions and technologies designed to reduce 
sedentary behaviours and increase physical activity. Finally, the definition, theories, 
models, and assessment of wellness will be scrutinized. 
The structure of this thesis is linked to the general aims, the current literature, the set 
of journal papers and the conclusion in a consistent sequence. Five journal papers 
(one in press, one under revision/to be resubmitted, and three under review) are 
presented in Chapters 3 to 7 (Figure 1.1). Each paper addresses the individual 
objectives of the overall study in terms of the particular introduction, methods, 
results, discussion and conclusion. As each paper is designed independently for the 
journals, there is some repetitiveness in their introduction, methods and discussion 
sections. Finally, Chapter 8 (General Discussion) summarises the main findings and 
their importance for the thesis. It also highlights strengths and limitations, suggests 
directions for future research, and provides general conclusions. 
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Chapter 3                      
 Paper 1: Adult Total Wellness: Group Differences Based on Sitting Time 
and Physical Activity Level 
 
 
 
Chapter 4                      
 Paper 2: Development and validation of a new self-report instrument for 
measuring daily sedentary behaviours and light-intensity physical activity 
in adults (7-day SLIPA Log). 
 
Chapter 5                      
 Paper 3: Reliability of the 7-day sedentary and light-intensity physical 
activity log (7-day SLIPA Log). 
 
 
Chapter 6                     
 Paper 4: Empowering sedentary Adults to Reduce Sedentary Behaviour 
and Increase Physical Activity Levels and Energy Expenditure: Success 
with a Technology-Based Physical Activity Monitor 
Chapter 7                     
 Paper 5: Physical Activity, Sedentary Behaviour and Total Wellness 
changes among Sedentary Adults: A 4-week Randomized Controlled Trial 
 
 
Aim 1                      
Provide baseline data to enhance understanding of the effects of 
sedentary behaviour and physical activity levels on total wellness. 
 
Aim 2 
       Provide an accurate self-report instrument to quantify sedentary 
behaviour and light-intensity physical activity among sedentary 
adults in all aspects of a free-living environment, and 
Aim 3 
Provide empirical evidence that it is possible to reduce sedentary 
and increase physical activity levels by using an online personal 
activity monitor, which may be associated with increasing total 
wellness scores among sedentary adults. 
 
Figure  1.1 A summary of the general aims of the thesis and its papers. 
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Chapter 2:  Literature Review 
The review of the literature will be presented in sections. Each is organised around 
the study variables (sedentary behaviour, physical activity and wellness) among 
adults. Additional sections will examine interventions and technologies designed to 
reduce sedentary behaviours and increase physical activity. The purpose of this 
chapter is to present, via selective references to the literature, a clear understanding 
of the study variables. 
2.1 Sedentary Behaviour and Physical Activity Levels 
2.1.1 Defining Sedentary Behaviour and Physical Activity  
 
The body of literature addressing the levels of sedentary behaviours amongst general 
populations is growing rapidly due to concerns about declining levels of physical 
activity and increasing amounts of time that people spend engaged in sedentary 
behaviours. Sedentary behaviour has most recently been defined as follows: it is not 
‘a simple lack of physical activity but a cluster of individual behaviours in which 
sitting or lying is the dominant mode or posture and in which energy expenditure is 
very low at a level of 1.0–1.5 metabolic equivalent units (METs)’ (Biddle, et al., 
2010). METs describe the intensity of activities in comparison to resting energy 
expenditure, where 1 MET in average adults is one kilocalorie body weight kg
-1
h
-1
 or 
3.5 mL of oxygen·kg
-1
·min
-1 
(Ainsworth et al., 2000).   
Sedentary behaviours are typically associated with time spent sitting, reclining or 
lying down, playing electronic games and sitting while watching television  and other 
screen-based activities during waking hours (Dietz, 2007). In contrast, physical 
activity levels have been classified based on adults’ energy expenditure as light-
intensity (1.6–2.9 METs), moderate-intensity (3–5.9 METs) or vigorous-intensity (6–
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9 METs) (Norton, et al., 2010; Pate, O'Neill, & Lobelo, 2008). Light-intensity 
physical activity includes pursuits such as slow walking, washing dishes, cooking 
food and other routine domestic or occupational tasks. Moderate- and vigorous-
intensity physical activities consist of pursuits like brisk walking or cycling and 
jogging or aerobics, respectively (Norton, et al., 2010). 
   
2.1.2 Sedentary Behaviour Time as Distinct from Physical Activity Levels 
Engaging in moderate-intensity physical activities for at least 30 minutes every day 
has been shown to provide health benefits (Warburton, Nicol, & Bredin, 2006). 
However, the Centres for Disease Control and Prevention (CDC) and the American 
College of Sports Medicine (ACSM) recommend that adults should engage in at least 
2 hours and 30 minutes (150 minutes) a week of moderate-intensity physical activity, 
or 1 hour and 15 minutes (75 minutes) a week of vigorous-intensity physical activity 
or an equivalent combination of moderate- and vigorous-intensity physical activity 
per week (Haskell, et al., 2007; Nelson et al., 2007). Subsequently, adults who meet 
these recommendations are classified into ‘physically active’ or ‘sufficiently active’, 
and those who do not meet these recommendations are considered ‘inactive’ or 
‘insufficiently active’.  
 
The terms sedentary behaviour or sedentary time are often conceptualized as 
reflecting the low end of the physical activity intensity continuum. However, 
growing evidence suggests that sedentary behaviour, as distinct from a lack of 
moderate and/or  vigorous-intensity physical activity, has independent and 
qualitatively different effects on human metabolism, physical function, and health 
outcomes and thus should be treated as a separate and unique construct (Owen, 
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Leslie, Salmon, & Fotheringham, 2000; Pate, et al., 2008; Tremblay, Colley, 
Saunders, Healy, & Owen, 2010). For example, adults may both engage in moderate- 
or vigorous-intensity physical activities as recommended by CDC/ACSM and exhibit 
a high level of sedentary behaviour – one behaviour does not necessarily displace the 
other. These individuals are sometimes referred to as ‘active couch potatoes’ 
(Dunstan, Healy, Sugiyama, & Owen, 2010b). On the other hand, it may be possible 
that individuals can be inactive or insufficient active but exhibit only a small amount 
of time spent in sedentary behaviour. 
 
Comparative studies indicate that time spent in physical activity (i.e. light-, 
moderate- and vigorous-intensity physical activity) across four daily life domains – 
work, transportation, household activities and leisure time – has an inverse 
relationship to time spent in sedentary activities (Hamilton, Healy, Dunstan, Zderic, 
& Owen, 2008; Healy et al., 2011a; Healy et al., 2008a). Moreover, recent peer-
reviewed research has shown that large amounts of sedentary time (i.e. sitting) has 
negative health implications that are not alleviated by moderate- or vigorous-
intensity physical activities (Proper, Singh, Van Mechelen, & Chinapaw, 2011; 
Williams, Raynor, & Ciccolo, 2008). According to Norton et al., (2010), a typical 24 
hour cycle would consist of 7.5 hours sleeping, 9.4 hours of sedentary behaviours 
(‘time spent sitting‘), 6.5 hours of light-intensity activities and approximately 43 
minutes of moderate- or vigorous-intensity physical activity. A recent study using 
objective measures has shown that adults are increasingly sedentary, spending 
approximately 50–60% of their day engaged in sedentary activities (Healy, 
Matthews, Dunstan, Winkler, & Owen, 2011b).  
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Using National Health and Nutrition Examination Survey (NHANES) results and 
accelerometer data (ActiGraph 7164), Maher and colleagues (2013) determined the 
sedentary behaviour time in 5,083 Americans adults from 2003 to 2006. The study 
showed that Americans spend around 8.2 hours/day of their waking hours being 
sedentary (Maher, Mire, Harrington, Staiano, & Katzmarzyk, 2013). Likewise, in 
Australia, objective measurements of physical activity using an accelerometer 
method indicated that adults, on average, spend 9.3 hours/day (56.4%) of their 
waking time engaged in sedentary behaviours (Owen, et al., 2009). In a longitudinal 
study, the Canada Fitness Survey examined the effect of daily sitting time on all-
cause mortality, where nearly 17,000 Canadians between 18 and 90 years of age 
were followed over a 12-year period (Katzmarzyk, Church, Craig, & Bouchard, 
2009). Participants were asked to respond to multiple-choice questions by indicating 
the daily time spent sitting (e.g. no time, 15 minutes, 30 minutes, 45 minutes, almost 
all the time) over the previous seven days. The study showed that 75% of adults 
spent almost all of the time sitting during work, school and housework (Katzmarzyk, 
et al., 2009). Thus, previous studies from the United States, Australia and Canada 
have all shown that adults are becoming increasingly sedentary during their waking 
time. However, a key issue remaining to be addressed is whether more time spent in 
sedentary activities has negative health consequences. 
 
2.1.3 Associations amongst Sedentary Behaviour, Physical Activity and 
Health 
The literature suggests that the more time is spent being sedentary, independent of 
the time spent in moderate- to vigorous-intensity physical activity, the more it may 
be independently related with an increased risk of chronic diseases (Proper, et al., 
2011; Thorp, Owen, Neuhaus, & Dunstan, 2011). In the general population sedentary 
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behaviour has been identified as an independent risk factor for type 2 diabetes 
(Grøntved & Hu, 2011b), cardiovascular disease (Grøntved & Hu, 2011b; Wijndaele, 
et al., 2011), metabolic syndrome (Bankoski, et al., 2011), weight gain (Mozaffarian, 
et al., 2011; Sugiyama, et al., 2013) and obesity (Banks, et al., 2011; Duncan, et al., 
2012). Based on subjective measures of sedentary behaviour, a recent study 
examined the positive associations of total sitting time (e.g. television viewing time 
and occupational sitting) with mortality from all causes and cardio-metabolic 
diseases in 50,817 Norwegian adults who were followed up from 2006 to 2008 
(Chau et al., 2013). The study showed that adults who reported sitting for long 
periods (≥10 hours/day) had a 65% increased risk of all-cause mortality than those 
who reported shorter periods (<4 hours/day).  
Somewhat similar findings were revealed within a report from the Australian 
Diabetes, Obesity and Lifestyle (AusDiab) study, which examined the relationship 
between sitting time (television viewing time) and physiological markers of 
metabolic risk (i.e. blood pressure, plasma glucose and lipid profile) in 5,836 
Australian adults who were sufficiently active according to physical activity 
guidelines (Healy, et al., 2008a). Even in this large group of physically active and 
healthy adults, the study found that there was a positive association between 
metabolic risk and increased sitting time during TV viewing.  
Increased sitting time has also been shown to be correlated with increased body mass 
index (BMI) and adiposity. For example, Shuval et al., (2013) examined the 
association between total self-reported sitting time and BMI, and found that 
participants who spent more than 2.3 hours/day sitting while watching television and 
>1 hour/day sitting while driving a motor vehicle were significantly more likely to be 
overweight or obese. Likewise, data from the USA Nurse’s Health Study (n=50,277 
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women) showed a significant positive relationship between more than 2 hours/day 
spent in sitting while watching television or occupational sitting and a 5% to 23% 
increase of obesity (Hu, Li, Colditz, Willett, & Manson, 2003b). 
  
In light of this evidence, sedentary time has been found to be associated with an 
increased risk of chronic diseases. In contrast, the benefits of moderate- to vigorous-
intensity physical activities are numerous and affect all age groups in terms of 
multiple health outcomes and conditions (Krause, 2010). Researchers have studied 
effective approaches to increasing moderate- to vigorous-intensity physical activities 
across various populations, particularly over the long term. Numerous recent studies 
have indicated that there is a positive relationship between being physically active 
every day and a greater than 50% decreased risk of serious chronic disease such as 
cardiovascular disease, high blood pressure, certain types of cancer, type 2 diabetes 
and stroke, as well as a 20–30% reduced risk of premature death (Dunstan, Howard, 
Healy, & Owen, 2012; Gill & Cooper, 2008; Warburton, et al., 2006). Being 
physically active can also reduce the risk for increased BMI, thereby preventing 
overweight and obesity (Brock et al., 2009; Gaesser, 2007; Mahabir et al., 2006).    
Despite the well-documented benefits of being physically active, it is widely known 
that many adults fail to meet the recommended levels of physical activity (Hallal, et 
al., 2012; WHO, 2011). In contrast, light-intensity physical activity has a lower rate 
of energy expenditure (1.6–2.9 METs); however, it may be engaged in for longer 
periods of time (Smith & Biddle, 2008). When sedentary behaviour has been 
removed from waking daily activities, a  recent position statement on physical 
activity and exercise intensity terminology indicated, the majority of activities during 
waking hours become light-intensity physical activity, accounting for 92% of adult 
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physical activity; meanwhile, approximately 6% of activities represent moderate or 
vigorous levels (Norton, et al., 2010). Recently, a growing body of research has 
suggested that breaking up sedentary time with short periods of light-intensity 
physical activity such as walking, or even substituting minimal activities for 
sedentary ones, such as standing instead of sitting, has a positive effect on health 
(Dunstan & Owen, 2012; Healy, et al., 2008a; Levine, et al., 2005; Macfarlane, 
Taylor, & Cuddihy, 2006). In addition, Healy et al., (2008a) examined the 
relationship between breaking up sedentary time and cardio-metabolic health 
outcomes by using ActiGraph (7164) accelerometers for seven days among 168 
Australian adults. A break in sedentary time was defined through an ActiGraph 
algorithm-classified cut-off point of above >100 counts per minute (cpm). The study 
showed that a large number of intervals (breaks) of sedentary time was positively 
linked with lower waist circumference, BMI, and metabolic health such as 
triglycerides and 2-hour post load glucose values (Healy, et al., 2008a).  
Using NHANES in 2005–2006 in 3,453 Americans adults, Tudor-Locke et al., 
(2010) found that there was a statistically significant decrease in BMI categories  
when participants increased the number of breaks in sedentary time. Given the 
evidence that breaking up sedentary time has been shown to have health benefits, 
more research, including randomised controlled trials, and accurate measurements of 
sedentary behaviours in a free-living environment, are needed to increase the 
evidence base. Such knowledge is essential to the development of public health 
initiatives that aim to increase physical activity levels and reduce sedentary 
behaviours with breaks in sedentary time or light-intensity physical activity. 
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2.1.4 Assessment of Sedentary Behaviour and Physical Activity Levels 
An increasing body of evidence associates a high level of sedentary time with poor 
health outcomes. In contrast, breaking up sedentary time with short periods of light-
intensity physical activity or engaging in moderate- to vigorous-intensity physical 
activities have been associated with numerous health benefits. Hence, it is of 
paramount importance to have valid and reliable measures that reflect the current 
definitions so that researchers may assess sedentary behaviour and physical activity 
levels (e.g. light-, moderate- and vigorous-intensity physical activities). There are 
several techniques which have been used to assess sedentary time and physical 
activity levels; these include doubly labelled water, indirect calorimetry and direct 
observation. These techniques have been described as representative of the highest 
standard for the quantification of such activities (Lamonte & Ainsworth, 2001), but it 
is typically not feasible to use such techniques to measure sedentary time and 
physical activity levels in large population studies because of the high cost, the 
labour intensiveness of the analysis and the technical complexity (Valanou, Bamia, 
& Trichopoulou, 2006; Westerterp & Goris, 2002). Many published studies indicate 
that sedentary time can be measured using self-reported (Clark et al., 2011; Marshall, 
Miller, Burton, & Brown, 2010; Rosenberg, Bull, Marshall, Sallis, & Bauman, 2008) 
and/or objective measures such as accelerometers and inclinometers (Barwais, 
Cuddihy, Rachele, & Washington, 2013; Hart, Ainsworth, & Tudor-Locke, 2011; 
Kozey-Keadle, Libertine, Lyden, Staudenmayer, & Freedson, 2011a). Although 
these devices are generally expensive, they are becoming increasingly employed in 
research designs. The following includes a literature review describing subjective 
and objective measures which have been widely used to measure both sedentary 
behaviour and physical activity levels. 
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2.1.4.1 Subjective Measurement 
2.1.4.1.1 Self-report Questionnaires 
Self-report questionnaires are the most common subjective method used to measure 
sedentary behaviour and physical activity levels (Healy, et al., 2011a), because they 
are less costly and easier to administer than other measurements (Macera et al., 
2001). Participants are typically asked to estimate their time spent in sedentary 
activities (i.e. sitting) or light-intensity activities (i.e. light housework) or moderate- 
and vigorous-intensity physical activities over a week or a longer timeframe (Healy, 
et al., 2011a; Kriska & Caspersen, 1997). Previous research has indicated that self-
report questionnaires should be used to identify activities across all daily life 
domains (i.e., work, transport, home and leisure), and to capture most of what is 
considered sedentary behaviour and physical activity, taking into account frequency 
(number of bouts of a certain duration), interruptions (e.g. getting up from the couch 
while watching TV), time (the duration of sitting or walking) and specific types of 
activities such as TV viewing, driving a car, brisk walking or jogging (Macera, et al., 
2001; Prince et al., 2008; Tremblay, et al., 2010). However, most sedentary 
behaviour questionnaires have focused on time spent watching television and other 
sedentary behaviours, involve ‘sitting’ (i.e. occupational sitting time) (Chau, van der 
Ploeg, Dunn, Kurko, & Bauman, 2012a; Marshall, et al., 2010; Rosenberg, et al., 
2008; Santos et al., 2010b; Sugiyama, Healy, Dunstan, Salmon, & Owen, 2008). For 
example, the most commonly used questionnaire for measuring physical activity 
levels and sedentary behaviours, the International Physical Activity Questionnaire 
(IPAQ), has only a single question on sitting time.  This single question has often be 
used as an indication of sedentary time (Rosenberg, et al., 2008). Although the IPAQ 
provides a reliable and valid assessment of total sitting time in general, and this has 
been replicated in a number of countries (Bauman et al., 2011), it is not designed to 
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provide a detailed assessment of sitting time in all domains. The role of sitting or 
walking, for example, may vary considerably within home and work domains; 
therefore, the key scientific questions of public health importance relate as much to 
the amount of a behaviour as they do to the context within which the behaviour 
occurs (Matthews, et al., 2012). 
 
A study by Matton et al., (2007) used an accelerometer to validate a self-report 
seven-day activity questionnaire assessing sedentary behaviours and physical activity 
(Flemish Computerized Physical Activity Questionnaire) across two domains 
(transportation and leisure time) and different specific behaviours (TV/video 
watching, computer games, home/garden activities, eating and sleeping). Positive 
correlations were found between the questionnaire and accelerometer data, and the 
test-retest reliability for all sedentary behaviours and physical activity variables was 
high.  However, the study also found that the questionnaire tended to underestimate 
sedentary behaviours and overestimate physical activity when compared with the 
accelerometer. This shows that self-reported questionnaires may be subject to recall 
bias and social desirability bias (especially when participants are asked to recall or 
estimate their activities over a long period of time) (Matton, et al., 2007). Self-
reported sedentary behaviour using physical activity questionnaires might introduce 
errors due to imprecise questions, misunderstanding of questions and 
misclassification (Kozàkovà et al., 2010). Consequently, previous research indicates 
that most of the self-report instruments on sedentary behaviour are more accurate 
when used in the short-term recall format (e.g. 24-hour recall) and via a behavioural 
log method rather than the longer-term traditional surveillance systems (seven days 
or more) (Matthews, et al., 2012; Tudor-Locke, Leonardi, Johnson, & Katzmarzyk, 
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2011). Because the specific 24-hour recalls target short-term memory, they stimulate 
recall of specific information related to sedentary behaviour relative to the different 
daily life domains (e.g. leisure or work time). This approach to improving self-
reported measures of sedentary behaviour may reduce the magnitude of the errors 
(particularly those due to memory fade) in the reported information (Barwais, 
Cuddihy, Washington, Tomson, & Brymer, In Press; Matthews, et al., 2012).  
Many questionnaires like IPAQ were developed for surveillance and thus are aimed 
to the population level to ascertain an understanding of how much physical activity 
and sitting time is achieved by the population. Other measures like logs are better for 
capturing individual change and thus are good for intervention studies. 
 
2.1.4.1.2 Self-report Logs 
A log is a practical method to provide detailed behavioural information in order to 
review specific types of sedentary behaviour or physical activity and capture 
components of the context, including intensity, duration and frequency. The log 
method has been most commonly used in validation studies on physical activity 
questionnaires or in combination with objective measures such as accelerometers to 
improve the relationship between objective and subjective methods (Timperio, 
Salmon, Rosenberg, & Bull, 2004). In a comparison of traditional questionnaires, the 
log method has been found to be useful in epidemiological and descriptive studies 
because it can provide significant and specific daily details (e.g. which may rely on a 
short-term, 24-hour recall) about sedentary behaviour or physical activity. These 
extra details may lead to a reduction in reported long-term recall measurement error 
(Matthews, et al., 2012). Additionally, a major benefit of the self-report logs method 
is the capacity to determine information about particular behaviours (e.g. shopping, 
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leisure-time activity, walking). This is particularly beneficial for evaluating the 
efficacy of programmes that aim to reduce sedentary behaviours and increase 
physical activity levels among adults (Clark et al., 2009; Dollman et al., 2009).  
A study by Salmon et al., (2003) used a three-day log to validate a leisure-time 
questionnaire on sedentary behaviour and physical activity in a sample of 144 
Australian adults. The researchers reported that a behavioural log was the appropriate 
method to cover a variety of leisure-time sedentary behaviours. Despite the benefits 
of using behavioural logs to assess sedentary behaviours or physical activity, there 
are several major limitations to this approach, namely its high potential for 
participant reactivity and poor respondent motivation compared with questionnaire 
methods (Clark, et al., 2009; Dollman, et al., 2009).  However, little is known about 
the log method for evaluation of sedentary behaviour as it has not been used in the 
previous literature on sedentary behaviour. Indeed, the development of a valid and 
reliable self-report log that measures sedentary behaviour across multiple domains is 
necessary for population surveillance as this is a ubiquitous behaviour.  
 
2.1.4.2 Objective Measurement 
Methods for the objective measurement of sedentary behaviour and physical activity 
time include direct observation and the activity monitoring devices. Direct 
observation can provide very significant details about sedentary behaviour or 
physical activity levels, including duration, frequency and intensity. However, it is 
typically not feasible to use direct observation to measure such activities in large 
population studies or over long time period, as it is intrusive and expensive. 
Objective monitoring devices such as heart rate (HR), as well as accelerometers, are 
used to capture the total time spent in sedentary behaviour and physical activity in a 
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free-living environment. HR monitoring has been used to estimate energy 
expenditure and sedentary behaviours in adults (Strath, Bassett, Swartz, & 
Thompson, 2001; Tremblay, et al., 2010). In addition, HR monitoring is regarded as 
a method that is relatively inexpensive compared with direct observation, and has 
been employed to collect data over extensive periods of time. Consequently, the 
technique can provide data on various components of physical activity levels, 
including frequency and duration. However, during sedentary activities, HR does not 
directly measure sedentary time, and only provides an estimate of low levels of 
energy expenditure that may be influenced by causes other than body movement. 
Furthermore, HR monitoring has been shown to be  unable to distinguish between 
time spent in different anatomical positions (e.g. sitting or standing); indeed, 
changing positions itself has a positive effect on health (Strath, et al., 2001; 
Westerterp & Goris, 2002). 
Accelerometry is the direct measure of the acceleration of body movement. Triaxial 
accelerometers (three planes of movement) are the most common objective tool used 
to assess sedentary behaviours and physical activity levels among adults in free-
living activities. New generations of accelerometers have been developed which 
comprise both accelerometer and inclinometer functions and have been used to report 
on postures in previous research (Grant, Granat, Thow, & Maclaren, 2010; Kozey-
Keadle, et al., 2011a; Levine, et al., 2005). Two commonly used types of activity 
monitors that measure sedentary time are the ActiGraph (models GT3X and GT3X+) 
(LLC, Fort Walton Beach, FL) and the activPAL (PAL Technologies Limited, 
Glasgow, UK). Accelerometers assess the amount of time spent below a pre-defined 
intensity threshold (Biddle, et al., 2010), whereas inclinometers quantify time spent 
in different postures by distinguishing between lying, sitting and standing (Biddle, et 
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al., 2010; Carr & Mahar, 2011). When defining sedentary time, investigators have 
progressively begun to classify standing differently from sitting (Owen, et al., 
2010a). Through the use of an inclinometer function, accelerometers now have the 
ability to measure the position of the lower body; consequently, standing may be 
treated as a separate activity that is classified as light intensity (Harrington, et al., 
2010). There are two protocols that constitute a criterion measure of sedentary 
behaviour and light-intensity physical activity when using such accelerometers: 
(1) Before data collection, the device must be initialised to include the 
appropriate epoch length, (Trost, Mciver, & Pate, 2005) capture days of 
wear (Healy, et al., 2011a; Trost, et al., 2005) and utilise the inclinometer 
setting (three-axis accelerometer) (Carr & Mahar, 2011; Hamilton, 
Hamilton, & Zderic, 2007; Levine, et al., 2005);  
(2) After data collection, the device must display the cut-points (<100 
counts per minute),(Kozey-Keadle, et al., 2011a) wear time (Masse et al., 
2005) and data cleaning filters (Healy, et al., 2011a; Masse, et al., 2005).    
 
There are considerable advantages to using accelerometers to assess sedentary 
behaviours including the option for researchers to measure sedentary behaviours and 
physical activity levels using the same device. This may foster the researchers’ 
awareness of time spent in sedentary behaviours and their effect on health, 
independent of how much time is spent being physically active. Moreover, 
determining the difference between sitting and standing was a serious challenge for 
sedentary behavioural research (Oliver, Schofield, Badland, & Shepherd, 2010). 
Studies suggest that making small changes in daily activity levels, such as ‘breaking 
up’ sedentary time (i.e. by standing and not sitting) may help to mitigate the health 
risks of sedentary behaviour (Dunstan & Owen, 2012; Levine, et al., 2005). By using 
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an inclinometer, researchers are able to distinguish between body postures such as 
sitting and standing. 
Despite the benefits of using new models of triaxial accelerometers (acceleration or 
inclinometer function) in field studies of sedentary behaviour, this approach has 
several significant shortcomings. The first is cost: accelerometers are valued at 
approximately AU $$300 each, with some systems requiring the purchase of 
supplementary hardware and/or software approximately AU $1000. Furthermore, 
accelerometers are unable to provide information concerning the specific activity 
type (e.g., watching television vs. using a computer) and can suffer from substantial 
missing data due to non-wear (Catellier et al., 2005), and are not appropriate for 
water activities (Dollman, et al., 2009). 
 
Overall, this literature review has demonstrated that although the self-report log 
method has benefits, such as its use of the short-term 24-hour recall and its potential 
to reduce measurement error, self-report questionnaires remain the most widely used 
method for assessing sedentary behaviour. Additionally, new models of triaxial 
accelerometers have many advantages, as they do not rely on self-report and thus 
eliminate recall bias. Consequently, self-reports should be used in addition to 
objective indicators of movement to fully quantify the amount of sedentary 
behaviour and physical activity levels throughout the day (morning, afternoon and 
evening, both weekdays and weekend days), and across all domains – work, leisure, 
home and transport. 
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2.2 Technologies to Reduce Sedentary Time and Increase the Level of Physical 
Activity 
Low levels of physical activity and high levels of sedentary behaviour are major 
public health concerns. However, the key issue in health management is to achieve 
permanent changes in habits and lifestyles. Some research has indicated that more 
people are being empowered to change their habits, and more importantly, are 
maintaining these changes through challenging long-term habits that require great 
personal motivation (Mattila et al., 2010). Consequently, technology has come to 
play a very important role in the promotion and support of an active lifestyle in 
recent years, particularly in increasing physical activity levels and reducing sedentary 
time through self-monitoring, goal setting and other behavioural strategies. Highly 
motivational new devices, including pedometers, accelerometers, global positioning 
systems, geographic information systems, interactive video games, mobile phones 
and web-based self-monitoring technologies, have been employed to promote health-
enhancing behaviours (Marcus, Ciccolo, & Sciamanna, 2009; Motl, Dlugonski, 
Wójcicki, McAuley, & Mohr, 2010; van Stralen, de Vries, Bolman, Mudde, & 
Lechner, 2010; Wanner, Martin-Diener, Braun-Fahrländer, Bauer, & Martin, 2009). 
The Neat-o-Games system, for example, uses small, wearable sensors with 
accelerometers that that provide information as control input to the game, which 
helps to mitigate the behavioural aspects of a sedentary lifestyle (Fujiki et al., 2008). 
Data from the sensors are logged wirelessly in a personal digital assistant or 
smartphone, which detects whether users are walking or running and motivates them 
to engage in more physical activity through competition with the computer or a 
friend. It does this by displaying avatars that are engaged in a virtual community race 
game. Fujiki et al., (2008) examined the impact of NEAT-o-Games among 10 
participants who had a sedentary lifestyle, normal working schedules, and positive 
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attitudes towards NEAT-o-Games. Most of the participants reported that the NEAT-
o-Games system made them more “conscious of their everyday activity levels” and 
provided meaningful information to enhance their understanding of the amount of 
sedentary time they were engaged in prior to the study. Results from this study 
showed how promising game interfaces could be for motivating behaviour change. 
 
Several studies have indicated that television viewing is the most popular sedentary 
leisure activity. Thus, Nawyn (2005) developed the ‘ViTo’ technology system, which 
was designed to reduce sedentary time by increasing the time spent on physical 
activities. The ViTo system aims to track time spent on daily activities by using 
multiple devices (e.g. hand-held computing, wireless remote control, wearable 
sensors, television, and WiFi routers) which are located in the home. By observing 
the behaviour of users, the ViTo system might lead to a reduction in time spent 
watching television (Nawyn, 2005). While the ViTo system seemed promising it has 
not yet been user-tested. Likewise, a recent study examined the feasibility of a three-
week intervention to reduce TV viewing among 36 overweight and obese adults 
using an ‘electronic lock-out system’ for a period of seven days (Otten, Jones, 
Littenberg, & Harvey-Berino, 2009a). The researchers’ findings showed that there 
was a 61% decrease in TV viewing time among participants within the intervention 
group.  However, the decrease in TV viewing time only translated into a modest 
decrease (4%) in overall sedentary time as the participants engaged in other 
sedentary activities such as reading (Otten, et al., 2009a). Apparently just “blocking” 
TV viewing does not translate into the participants attempting other more active 
aspirations.  
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Although the development of technology has led to decreased physical activity levels 
in the work domain, technology may also be used to decrease occupational sedentary 
time. Alkhajah et al., (2012) examined Sit–Stand Workstations to reduce office 
workers’ sitting time and found that participants using the intervention reduced their 
sitting time during an eight-hour work day by approximately 28% (2.3 hours/day) in 
week 1 and 26% (2 hours/day) at the three-month follow-up. They also found that 
participants reduced their sitting time during their waking hours (based on a 16-hour 
day) by 7% (1.1 hours/day) in week 1 and 8% (1.3 hours/day) at the three-month 
follow-up.  In a four week study, the researchers examined the feasibility of reducing 
workplace sedentary time through the complementary use of a ‘pedal exercise 
machine’ to allow participants to pedal while they engaged in seated work. The 
device was designed to be placed either underneath or next to the employee’s office 
desks (Carr, Walaska, & Marcus, 2012). Feedback on participants’ (n = 18) energy 
expenditure and time spent using the machine was provided by the software. In 
addition to reducing their sedentary time the participants expended an extra 
186.5±142 kcal/day by pedalling 4.8 ± 3.6 miles/day using the machine (Carr, et al., 
2012).  
Recently, new generations of mobile phone technology have resulted in ‘smartphone-
based applications’ which track sedentary time and physical activity levels. For 
instance, the Move2Play mobile phone application was developed by Bielik et al., 
(2012) to monitor a user’s steps throughout the day. The Move2Play gives the user 
detailed data regarding the amount of physical activity per day, steps achieved and 
steps recommended; moreover, it provides graphs that represent steps during the day, 
week or month. It also gives users feedback on their progress towards personal daily 
step goals via simple graphs with different colours (Bielik, et al., 2012). In the 
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United Kingdom over nine weeks, Hurling et al., (2007) examined an Internet-based 
mobile phone technology, project ‘GET-ACTIVE’, to increase physical activity 
levels among 77 adults. The intervention group received weekly feedback such as 
planning physical activity sessions, mobile phone text reminders about the levels of 
physical activity and comparison of their activities with those of other users. The 
researchers observed a significant increase in moderate-intensity physical activity of 
approximately 2 hours and 18 minutes per week, in the intervention group when 
compared to the control group (Hurling, et al., 2007).  
In a further technology based example, the Nike+ FuelBand device was designed to 
measure physical activity levels, steps and energy expenditure (Nike+Fuelband). The 
Nike+ system consisted of three components: 1) measurement – the FuelBand 
device; 2) analysis – a smartphone application and the central Nike+ website; and 3) 
motivation – online social networks such as Facebook and Twitter. The FuelBand is 
a small device that can be easily worn on the wrist. It has a built-in accelerometer 
that effectively measures acceleration in three dimensions. The device is equipped 
with many colourful light-emitting diodes (LED) which display the user’s drive 
toward their daily goal. On top of the device is an array of 100 white LEDs to show 
the progress towards their daily energy expenditure, steps and physical activity time. 
The users are able to compare their progress on the Nike+ website or via social 
networks.  
Recently, there has been a growing interest in using Internet-based physical activity 
devices (e.g. newest generation accelerometers and/or pedometers) which allow users 
to track their daily sedentary time and levels of physical activity; these include 
Fitbug (www.fitbug.com), Fitbit (www.fitbit.com), Philips Directlife 
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(www.directlife.com), Mytrak (www.mytrak.com) and Zamzee (www.zamzee.com). 
These applications typically employ small wearable sensors and the resultant data 
can easily be uploaded via an interactive online interface. Such actions provide users 
with easy-to-understand visualisations of their daily activity patterns. However, 
additional research is needed to learn how to use such devices to track daily 
sedentary time and levels of physical activity. 
 
One such sensor is the Gruve Online Personal Activity Monitor™ made by MUVE, 
Inc. USA (MUVE-Gruve-Technologies™, 2009). The device was designed to reduce 
sedentary behaviour and increase physical activity levels in free-living individuals. 
The Gruve Solution is an activity-based wellness approach built around the concept 
of NEAT. (MUVE-Gruve-Technologies™, 2009) The monitor employs a triaxial 
accelerometer system that tracks time spent on daily sedentary, light, moderate and 
vigorous intensity physical activity via a wearable device and an accompanying 
online service. It monitors a participant’s daily physical activity at 20 Hz (this range 
includes the frequencies of human motion) and stores the minute data on the device 
for later uploading to the interactive online software, through a universal serial bus 
(USB) port. These data subsequently provide the user with an easy-to-understand 
visualisation of daily activity patterns. Goal-setting features are activated alongside 
simple graphs and charts to enhance the self-monitoring of energy expenditure. An 
indicator (a halo bar) on top of the device also highlights the users’ progress towards 
their daily goal. Throughout the day, the indicator when touched displays different 
Light-Emitting Diode (LED) colours. Each different colour corresponds to the user’s 
progress towards his or her daily activity goal. For example, at the beginning of the 
day, the light bar is red, but as the day progresses, if the user has been sufficiently 
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active, then there is colour progression to yellow, orange, blue and finally green. The 
green light indicates that the daily activity goal has been achieved. An additional 
feature is the monitor’s built-in vibrating function, which provides a short vibrating 
pulse to the user when it senses an extended period of sedentariness. For example, if 
the participant is sedentary for a lengthy period, the monitor will vibrate to notify 
them that they have been sedentary and are reaching their 'Energy Conservation 
Point' (ECP). The ECP “marks the point at which the body moves into a reduced 
caloric burn rate following a prolonged period of sedentary behavior” (Wilmot et al., 
2011).  
 
Overall, the evidence from this review section has shown that there are several 
technological options available to assist people to meaningfully reduce their 
sedentary time and increase their level of physical activity. One limitation to note is 
that some of these technologies primarily focus on a specific domain, either TV 
viewing time or occupational sedentary time. However, a few technologies have 
focused on free-living activities by increasing daily steps, energy expenditure and 
physical activity levels. Previous research has indicated that in order to improve 
people’s health outcomes, it might be necessary to use technology-based 
interventions that both reduce time spent in sedentary activities and increase physical 
activity levels across four daily life domains, specifically work, transportation, 
household activities and leisure time (Hamilton, et al., 2008; Owen, et al., 2011).  
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2.3 Wellness 
2.3.1 Historical Perspective on Wellness 
As early as the fifth century B.C., the Greek philosopher Aristotle identified the state 
of eudemonia, which is the ability to avoid the extremes of scarcity and 
overindulgence. Aristotle suggested that this state was the ultimate expression of a 
person’s ability to live well (Myers & Sweeney, 2008). More recently, Dunn (1961) 
lectured on the integration of the mind, body and spirit. Dunn, often dubbed the 
architect of modern wellness, coined the term ‘high-level wellness’ . A series of 
twenty-nine lectures on “high-level wellness” delivered by Dunn at a Unitarian 
church in Washington, D.C. in the 1950s marked the beginning of the wellness 
movement in the United States (Miller, 2005). Ardell (1984), in “The History and 
Future of Wellness”, presents a summary of key events that have shaped the current 
status of wellness in the USA. Furthermore, research on wellness has spanned a 
multitude of benefits, pairing wellness with such topics as career, developing a 
healthy lifestyle, worksites and exercise self-efficacy (Cara, Michelle, & Nancy, 
2009; Gieck & Olsen, 2007; Myers, Madathil, & Tingle, 2005). Today, an increased 
interest in wellness is verified by a myriad of Internet websites, wellness 
organisations, and publications created to improve overall wellness.  
 
2.3.2 Defining Wellness 
“To understand wellness requires an understanding of health and how the two 
concepts differ” (Myers & Sweeney, 2005, p. 8). The World Health Organization 
(WHO) has defined health as ‘physical, mental, and social well-being, not merely the 
absence of disease’ (WHO, 1958, p. 1, as cited in Myers & Sweeney, 2005) and later 
defined optimal health as ‘a state of complete physical, mental, and social well-being 
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and not merely the absence of disease or infirmity’ (WHO, 1964, p. 1, as cited in 
Myers & Sweeney, 2005). In 2006, the WHO published a review of glossary terms 
that defined wellness:  
“Wellness is the optimal state of health of individuals and 
groups. There are two focal concerns: the realization of the 
fullest potential of an individual physically, psychologically, 
socially, spiritually and economically, and the fulfilment of one’s 
role expectations in the family, community, place of worship, 
workplace and other settings” (Smith, Tang, & Nutbeam, 2006,p. 
339). 
 
 
Wellness, defined by The American Heritage
®
 Dictionary of the English Language 
(2000), is ‘the condition of good physical and mental health, especially when 
maintained by proper diet, exercise, and habits.’  Both definitions suggest wellness as 
a static state of existence; yet, the modern wellness movement views as a dynamic 
process (Myers & Sweeney, 2005). Over fifty years ago, Dunn (1961) started the 
modern wellness movement through a series of short talks for radio on various 
aspects of well-being. In the first of the series, Dunn defined high-level wellness for 
an individual:  
“…as an integrated method of functioning which is oriented toward 
maximizing the potential of which the individual is capable. It 
requires that the individual maintain a continuum of balance and 
purposeful direction within the environment where he is functioning” 
(Dunn, 1961a, p. 4). 
 
Inspired by the works of Dunn (1961), Ardell (1984) viewed wellness as an approach 
to one’s lifestyle that people design for the purpose of pursuing the highest level of 
health with their capability. A wellness lifestyle, he wrote, is dynamic or ever-
changing as individuals evolve throughout life .  
In contrast, Hatfield and Hatfield (1992) defined wellness as ‘the conscious and 
deliberate process by which people are actively involved in enhancing their overall 
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well-being – intellectual, physical, social, emotional, occupational, spiritual’ 
(Hatfield & Hatfield, 1992,p 164), as well as a primary prevention model that is 
proactive, inclusive, accessible and not the privileged domain of specialists, a 
philosophy or a process (Hatfield & Hatfield, 1992). On the other hand, wellness has 
been defined as a quality of life or a global measure of well-being based on 
perceptions, illness experience, and functional status  (Watt, Verma, & Flynn, 1998).  
Connolly and Myers (2003) suggested that while wellness was an holistic concept 
and included physical, psychological and spiritual components, most business and 
industry settings focused on physical wellness, and employers viewed wellness only 
as physical health. Goss and Cuddihy (2009) also described wellness as the active 
process through which the individual becomes aware of all aspects of the self and 
makes choices toward a more healthy existence through balance and integration 
across multiple life dimensions. Moreover, Archer et al., (1987) suggested a more 
common definition of wellness as ‘the process and state of a quest for maximum 
human functioning that involves the body, mind, and spirit’.  
 
The various definitions of wellness (Ardell, 1977; Dunn, 1961; Hettler, 1984; Travis 
& Ryan, 1981) are rooted in the physical health sciences and medicine. Even though 
there is some focus on mental and emotional aspects, their primary focus is on 
physical health. Advances in the understanding of wellness led Myers, Sweeney and 
Witmer (2000, p. 252) to propose a comprehensive definition of wellness as: “a way 
of life oriented toward optimal health and well-being, in which body, mind, and spirit 
are integrated by the individual to live life more fully within the human and natural 
community”. 
  49 
2.3.3 Wellness Theories and Models 
Witmer and Sweeney (1992) described the concept of wellness as a “global village”. 
Everything is interconnected “mind, body, spirit, work, home, play, fire, water, air, 
earth, sun and moon” (Witmer & Sweeney, 1992, p. 140).  This section explores 
briefly some of the more commonly discussed models in the literature and progresses 
to some more unique and alternative models. 
High-Level Wellness: Dunn’s high-level wellness model is symbolised by three 
interlocking orbits representing “the human body as a manifestation of organized 
energy, and also symbolize the body, mind, and spirit of man as an interrelated and 
interdependent whole” (Dunn, 1961 p. vi,). A dart directed upward through the 
interlocking orbits represents a person’s life cycle in the pursuit of achievement of 
purpose in living. A well person is one experiencing growth in maturity, wholeness 
and self-fulfilment. 
Illness/Wellness Continuum: The illness/wellness continuum of Travis and Ryan 
(1981)  shows the link between the traditional medical model and the wellness model 
(Figure 2.1). Travis envisioned health and high-level wellness on an illness/wellness 
continuum . The continuum includes premature death at one end, a state of neither 
illness nor wellness at the centre point, and high-level wellness at the opposite end. 
 
Figure  2.1: Illness-Wellness Continuum.  
(Reproduced with permission) 
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Components of Wellness: The original wellness model proposed by Ardell (1979) 
included the following dimensions or components: self-responsibility, nutritional 
awareness, stress management, physical fitness and environmental sensitivity. The 
most recent version of Ardell’s (2005) wellness model includes three domains 
(physical, mental, meaning and purpose) with 14 skill areas, as follows: 1) the 
physical domain that consists of exercise and fitness, nutrition, appearance, 
adaptations/challenges and lifestyle habits, 2) the mental domain that consists of 
emotional intelligence, effective decisions, stress management, factual knowledge 
and mental health, and 3) the meaning and purpose domain, which consists of 
meaning and purpose, relationships, humour, and play.  
Six Dimensions of Wellness model: Based at the University of Wisconsin, Hettler 
(1984) proposed a six-dimensional model, including intellectual, emotional, physical, 
social, occupational and spiritual wellness (see Figure 2.2). This model has been 
commonly used in previous research (DiMonda, 2005; Flaherty, 2001; Goss, 2011). 
The National Wellness Institute (2003) explains Hettler’s six components as follows: 
 
 Physical Wellness encompasses the need for physical activity, 
understanding of diet and nutrition, discouragement of the use of harmful 
substances and personal responsibility for medical and self-care. 
 Social Wellness encourages contributing to one’s environment and 
community through involvement in  preserving societal and natural 
environmental stability; it encompasses the quality of our relationships, 
satisfaction in our social roles, our sense of belonging, and feelings of love 
and acceptance. 
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 Occupational Wellness is founded on the principle of personal satisfaction 
and enrichment of life through work. Meaningful work which requires 
development is correlated to attitude and personal choice. 
 Spiritual Wellness embodies the beliefs and attitudes towards nature and 
the meaning making an individual undertakes to identify what has ultimate 
value to them. It is evident in the search for and understanding of how life 
is or ought to be, and thus the choice of direction and resulting feelings of 
life’s purpose. 
 Intellectual Wellness meshes together the state of one’s knowledge, skills 
and creativity for problem solving and learning. Enhancement is possible 
through seeking challenges and actively striving to reach a potential and 
share with others. 
 Emotional Wellness is representative of the awareness, understanding and 
management of one’s feelings and behaviours related to these such as the 
ability to experience and express the full range of human emotions in 
appropriate ways including stress and relationship management. 
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Figure  2.2: Hettler’s six dimensions of wellness. 
Note. From NWI (2003). Copyright 1976 by the National Wellness 
Institute. Adapted from Dr. Bill Hettler's Wellness Model, National Wellness Institute. 
 
Wheel of Wellness:  The theoretical wheel of wellness model was proposed by 
Myers et al., (2000). The wheel model includes five major life tasks (spirituality, 
self-direction, love, work and leisure, and friendship) and twelve sub-tasks of self-
direction (sense of worth, sense of control, realistic beliefs, emotional awareness and 
coping, problem solving and creativity, sense of  humour, nutrition, exercise, self-
care, stress management, gender identity, and cultural identity). At the hub of the 
wheel is spirituality, which is hypothesised ”to be the core and most important 
characteristic of healthy people” (Myers & Sweeney, 2005, p 19). Furthermore, the 
wheel of wellness model suggests that different wellness components are more or 
less significant at different points in the lifespan and are influenced by internal and 
external forces (Myers & Sweeney, 2005). Mental health counsellors administer the 
  53 
Wellness Evaluation of Lifestyle (WEL) Inventory (Myers, et al., 2000a) to measure 
client wellness. The first holistic wellness model was developed as a mental health 
counselling theory; the wheel of wellness has been used as a basis of assessment and 
interventions to enhance well-being across the lifespan in adults (Myers & Sweeney, 
2005). 
 
2.3.4 Wellness Evaluation of Lifestyle (WEL) inventory 
The WEL was developed as a method for describing wellness and as an approach to 
outlining wellness behaviours that encompasses factors related to the individual's 
body, mind, and spirit (Myers, et al., 2000a). The wheel model includes five major 
life tasks, which are supported by empirical data and posit important characteristics 
of healthy persons which are considered central to healthy functioning (Appendix 1). 
The WEL consists of 103 items represented as self-statements to which respondents 
reply using a five-point Likert-scale with the following options: (a) strongly agree, 
(b) agree, (c) undecided or neutral, (d) disagree and (e) strongly disagree 
(MindGarden, 2005). A score comprised of the 17 scales is computed by summing 
the 103 items and producing a total score (range = 103 to 515). For ease of 
interpretation, the total score is divided by the total points possible (515) to yield a 
percentage value. According to Myers et al., (2004b), total wellness percentages may 
be grouped into three categories: 1) 100% indicates a high level of wellness, 2) 
scores exceeding 80% indicate moderate wellness, and 3) scores below 80% indicate 
that there are areas in which further wellness development is needed (Myers, et al., 
2004b). The WEL has been shown to demonstrate construct validity and reliability in 
previous research (Myers, Sweeney, & Witmer, 2000b; Witmer, Sweeney, & Myers, 
1993) and has been used to assess wellness among adults (LaFountaine, Neisen, & 
Parsons, 2006). 
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For the purpose of this thesis, the wheel of wellness model and the WEL will be used 
because of their strengths within the professional literature (Table 2.1). They have 
been used as a frame of reference for wellness in university, corporate, and public 
health programs. 
Table  2.1 Published studies on wellness using the Wheel of Wellness model and WEL inventory 
Title Date Author Institution 
Wellness as a function of perceived social support network and ability to 
empathise.   
1995 Granello Ohio 
University 
An examination of the relationship between college students’ subjective 
well-being and adherence to a holistic wellness model  
1995 Hermon Ohio 
University 
Cultural values and wellness of Native American high school students  1996 Garrett University of 
North 
Carolina, 
Greensboro 
The relationship of wellness factors to work performance and job 
satisfaction among managers  
1996 Hutchinson University of 
North 
Carolina, 
Greensboro 
The role of distinctiveness in acculturation, ethnic identity, and wellness in 
Korean-American adolescents and young adults  
1998 Chang University of 
North 
Carolina, 
Greensboro 
An examination of the relationship between career development and 
holistic wellness among college students  
1999 Vecchione Ohio 
University 
The relationship among wellness, mattering, and job satisfaction 2000 Connolly University of 
North 
Carolina, 
Greensboro 
The relationship among internalised homophobia, self-disclosure, self-
disclosure to parents, and wellness in adult gay males 
2000 Dew University of 
North 
Carolina, 
Greensboro 
The relationship of family-of-origin structure and family conflict 
resolution tactics to holistic wellness in college-age offspring  
2000 Steigerwald Ohio 
University 
 Objectification experiences, socio-cultural attitudes toward appearance, 
objectified body consciousness, and wellness in heterosexual Caucasian 
college women  
2001 Sinclair University of 
North 
Carolina, 
Greensboro 
The relationship among acculturation, wellness, and academic self-concept 
in Caribbean American adolescents  
2001 Mitchell University of 
North 
Carolina, 
Greensboro 
The relationship of moral identity, social interest, gender, and wellness 
among adolescents 
2001 Makinson University of 
North 
Carolina, 
Greensboro 
The relationship among ethnic identity, acculturation, mattering, and 
wellness in minority and non-minority adolescents  
2002 Dixon University of 
North 
Carolina, 
Greensboro 
A Comparative Analysis Between a Historically Black College and 2002 Spurgeon University of 
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University and a Predominately White Institution of the Relationship 
Among Racial Identity, Self-esteem, and Wellness for African American 
North 
Carolina, 
Greensboro 
The relationship among individual factors of wellness, family 
environment, and delinquency in adolescent females 
2003 Hartwig University of 
North 
Carolina, 
Greensboro  
Wellness and its correlates among University students: relationship status, 
gender, place of residence, and GPA.   
 
2003 Sari Middle East 
Technical 
University 
The Relationships among Transitions, Chronological Age, Subjective Age, 
Wellness, and Life Satisfaction in Women at Midlife.  
 
2003 Degges  University of 
North 
Carolina, 
Greensboro 
The relationships among marital messages received, marital attitudes, 
relationship self-efficacy, and wellness among never-married traditional-
aged undergraduate students 
2004 Shurts University of 
North 
Carolina, 
Greensboro 
The effectiveness of individual wellness counselling on the wellness of 
law enforcement officers  
2004 Tanigoshi University of 
New Orleans 
Toward a lexicon for holistic health: An empirical analysis of theories of 
health, wellness, and spirituality 
2004 Webster University of 
Florida 
The relationship among career aspiration, multiple role planning attitudes, 
and wellness in African-American and Caucasian undergraduate women 
2005 Booth University of 
North 
Carolina, 
Greensboro 
The relationship among spirituality, religiosity, and wellness for poor, 
rural women. 
2005 Gill University of 
North 
Carolina, 
Greensboro 
The influence of counsellor education programs on counsellor wellness  2005 Roach  University of 
Central 
Florida 
The relationship among gender role conflict, counsellor training, and 
wellness in professional male counsellors 
2005 Mobley University of 
North 
Carolina, 
Greensboro 
Holistic wellness: A study of lifestyle choices among religious adults  2005 Phillips Capella 
University 
The relationship between wellness of counsellor education students and 
attitudes toward personal counselling 
2005 Riley University of 
South 
Carolina. 
The relationship among wellness, severity of disturbance, and social 
desirability of entering master’s-level counselling students  
2006 Smith University of 
Central 
Florida 
An examination of athletic identity, sports commitment, time in sports, 
social support, life satisfaction, and holistic wellness in college student-
athletes  
2007 Williams 
 
University of 
North 
Carolina at 
Greensboro 
The relationship between religion, social interest, and wellness in adults  2008 Bigbee University of 
North 
Carolina, 
Greensboro 
The influence of Korean counsellors’ personal wellness on client-
perceived counselling effectiveness: the moderating effects of empathy  
2009 Jang  University of 
Iowa 
Life Lived Well: A Narrative Analysis of One Woman’s 
Wellness Across the Lifespan 
2009 Jarnagin University of 
Tennessee, 
Knoxville 
The Relationship Between Wellness and Academic Success in First-year 
College Students  
2010 Ballentine Virginia Tech 
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An Exploration of the Relationships among Wellness, Spirituality, and 
Personal Dispositions of Practicing 
Professional Counselors 
2010 Pierce University of 
Tennessee 
The effect of meaning and purpose in life on wellness and life 
satisfaction 
2012 Gregory  Texas Tech 
University 
Self-Efficacy as a Mediator in the Relationship Between Non-Counseling 
Roles and Wellness in School Counselors 
2012 Woods Texas Tech  
University 
Note. Adapted from Myers and Sweeney (2008)  
2.3.5 The Role of Physical Activity in Wellness 
Within the overall concept of wellness models, the function of the physical 
dimension is one of the fundamental elements to overall functioning; therefore, it 
plays an important role in total wellness. Thus, Myers and Sweeney (2005) 
emphasized that all wellness dimensions are interrelated; “a change in one area 
causes or contributes to changes to other areas”, which subsequently influences total 
wellness scores. To many in public health, the physical dimension represents a 
“person’s ability to function effectively in meeting the demands of the day’s work 
and to use his/her free time effectively”; this includes regular, appropriate physical 
activity (Haskell, et al., 2007) and possession of useful motor skills (Corbin, et al., 
2013). However, to date, few studies have attempted to explore associations of 
physical activity levels on total wellness. For example, by using the Perceived 
Wellness Survey (PWS), Benzer and colleagues (1999) examined the relationship 
between physical activity and perceived wellness among 243 adults. They found that 
greater levels of physical activity and leisure time activity were associated with 
higher perceived physical and psychological wellness scores. Those participants with 
a greater quantity of regular physical activity had greater overall perceived wellness 
scores. Those findings support the concept that an active and physical lifestyle will 
be associated with enhancement of an individual’s overall wellness (Bezner, Adams, 
& Whistler, 1999). However, little is known about the effect of intervention methods 
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that focus on reducing sedentary time and increasing physical activity levels on total 
wellness. 
      2.4 Chapter Conclusion 
This literature review addressed sedentary behaviour, physical activity, wellness, the 
study variables (e.g., definitions, measurements), as well as technologies designed to 
reduce sedentary behaviours and increase physical activity. The cited literature also 
focused on the associations amongst sedentary behaviour, physical activity and 
health. 
 
Sedentary behaviour is not the absence of moderate-to-vigorous physical activity. 
For example, an individual can meet the public health recommendations for physical 
activity levels (30 min of moderate-intensity activity each day), yet still spend large 
amounts of time engaged in sedentary behaviours that are inappropriate for health. 
These individuals are sometimes referred to as “active couch-potatoes” (Dunstan, et 
al., 2010b). Despite the popularity of estimating sedentary behaviours and moderate- 
and vigorous-intensity physical activities to determine the prevalence of or 
relationships to various aspects of health, little research to date has explored the 
impact of sedentary behaviour, moderate- and vigorous-intensity physical activities 
on total wellness, a concept that encompasses much more than health-related 
perceptions (Hermon & Hazler, 1999).  
 
Given that significant numbers of adults continue to be sedentary, it may prove 
beneficial to identify the effects which an intervention designed to reduce sedentary 
behaviour and increase physical activity may have on total wellness. This could 
enable public health advocates to formulate broader messages about the benefits of 
  58 
reductions in sedentary behaviours and increases in light and moderate to vigorous 
physical activity. Therefore, one of the purposes of this thesis is to evaluate if adults 
engaged in an intervention program that aims to reduce sedentary behaviour and 
increase physical activity levels in free-living lifestyle activities is associated with 
improvements in total wellness. The Gruve Online Personal Activity Monitor seems 
to be a good option for use in this thesis because the monitor employs a built-in 
vibrating function, which is initiated at the ECP to signal to participants that they 
have been sedentary for longer than the threshold. This reminder to stand and move 
around provides a helpful prompt for behaviour change. The online software enables 
participants to visualise their daily activity patterns with reference to simple graphs 
and charts to self-monitor physical activity levels and energy expenditure, as well as 
to achieve the set goals.     
 
This literature review, has provided an evidence base which indicates that although 
the self-report log method has benefits, such as its reliance on short-term, 24-hour 
recall and potential to reduce measurement error, self-report questionnaires remain 
the most widely used method for assessing sedentary behaviour. Additionally, new 
models of triaxial accelerometers have many advantages, as they do not rely on self-
report and thus eliminate recall bias. Self-report questionnaires should be used in 
addition to objective indicators of movement to quantify the amount of sedentary 
behaviour and physical activity levels throughout the day (morning, afternoon and 
evening, both weekdays and weekend days) and across all domains (work, leisure, 
home and transport). Therefore, one of the aims of this thesis is to develop a self-
report log which may be used to assess sedentary behaviour and light-intensity 
physical activity among adults in a free-living environment. 
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Chapter 3:  Adult Total Wellness: Group Differences Based 
on Sitting Time and Physical Activity Level 
3.1 Notes 
This paper is reproduced from:  Barwais, F.A., Cuddihy T.F, & L. Michaud Tomson. 
(Submitted 6
th
 May 2013, and revised and resubmitted 14
th
 October 2013). Adult 
Total Wellness: Group Differences Based on Sitting Time and Physical Activity 
Level. BMC Public Health.  
 
As indicated in (CHAPTER 1; Figure 1.1), this paper is consistent with the first aim 
of this thesis which was to provide baseline data to enhance our understanding of the 
effects of sedentary behaviour and physical activity levels on total wellness.  
  
The candidate is first author on this paper and was responsible for all aspects of 
manuscript preparation, including reviewing the literature, study concept and design, 
data collection, analysing, interpreting the research findings, and writing the 
manuscript. The second author is a member of the candidate’s supervisory team, and 
their contribution to the paper has been supervisory in nature. The third author, who 
is not a member of the candidate’s supervisory team, provided assistance with study 
concept and design. 
 
 
This paper has been resubmitted for publication to a peer reviewed international 
journal. The 2007 Impact Factor for the journal is 2.08 as listed from the Social 
Sciences Citation Index. 
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3.2 Abstract 
Background: An increasing body of evidence associates a high level of sitting time 
with poor health outcomes. The benefits of moderate to vigorous-intensity physical 
activities to various aspects of health are now well documented; however, individuals 
may engage in moderate-intensity physical activity for at least 30 minutes on five or 
more days of the week and still exhibit a high level of sitting time. This purpose of 
this study was to examine differences in total wellness among adults relative to 
high/low levels of sitting time combined with insufficient/sufficient physical activity. 
The construct of total wellness incorporates a holistic approach to the body, mind 
and spirit components of life, an approach which may be more encompassing than 
some definitions of health. Methods: Data were obtained from 226 adult respondents 
(27 ± 6 years), including 116 (51%) males and 110 (48%) females. Total PA and 
total sitting time were assessed with the International Physical Activity 
Questionnaire (IPAQ) (short-version). The Wellness Evaluation of Lifestyle 
Inventory was used to assess total wellness. An analysis of covariance (ANCOVA) 
was utilised to assess the effects of the sitting time/physical activity group on total 
wellness. A covariate was included to partial out the effects of age, sex and work 
status (student or employed). Cross-tabulations were used to show associations 
between the IPAQ derived high/low levels of sitting time with insufficient/sufficient 
physical activity and the three total wellness groups (i.e. high level of wellness, 
moderate wellness and wellness development needed). Results: The majority of the 
participants were located in the high total sitting time and sufficient physical activity 
group. There were statistical differences among the IPAQ groups for total wellness 
[F (2,220) =32.5 (p <0.001)]. A Chi-square test revealed a significant difference in 
the distribution of the IPAQ categories within the classification of wellness [χ2 (N 
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=226) =54.5, p < .001]. One-hundred percent (100%) of participants who self-rated 
as high total sitting time/insufficient physical activity were found in the wellness 
development needed group.  In contrast, 72% of participants who were located in the 
low total sitting time/sufficient physical activity group were situated in the moderate 
wellness group. Conclusion: Many adults who meet the physical activity guidelines, 
in this sample, sit for longer periods of time than the median Australian sitting time. 
An understanding of the effects of the enhanced physical activity and reduced sitting 
time on total wellness can add to the development of public health initiatives. 
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3.3 Introduction 
Engaging in sufficient levels of moderate-to-vigorous intensity physical  activities 
for at least 30 minutes on five or more days of the week has been shown to provide 
health benefits (Warburton, et al., 2006). In the 21
st
 century, however, many children 
and adults around the world fail to engage in sufficient levels of activity required to 
derive such health benefits, and the research evidence suggests that physical activity 
levels worldwide may be still on the decline (WHO, 2011). One possible contributor 
to this may be the increase in sedentary lifestyles at home, in the office and during 
leisure time (Matthews, et al., 2008). This is largely related to the increasing 
popularity of computer usage, video gaming and television viewing. Increased levels 
of sedentary behaviours have been associated with decreased levels of physical 
activity (Feldman, Barnett, Shrier, Rossignol, & Abenhaim, 2003).  
 
Sedentary behaviour (e.g., sitting, TV viewing, driving a car) refers to low energy 
expenditure behaviour [1.0 to 1.5 metabolic equivalent units (METs), with 1 MET 
being energy expenditure at rest] and is distinct from physical inactivity, often 
conceptualized as a lack of moderate-to-vigorous physical activity (Pate, et al., 
2008). Sitting time has been used as a specific marker of sedentary behaviours during 
waking hours (Hamilton, et al., 2008; Owen, et al., 2009). Researchers (Matthews, et 
al., 2008) found that the average United States adult during the  2003-2004 period 
spent approximately 7.7 hours/day of their waking time engaged in sedentary 
behaviour. Australian adults, on average, spent 9.3 hours/day of their waking time in 
sedentary activities (Owen, et al., 2009). 
An increasing body of evidence suggests that sedentary behaviours are associated 
with poor health outcomes such as obesity (Cameron et al., 2003; Hu, Li, Colditz, 
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Willett, & Manson, 2003a), Type 2 diabetes (Dunstan et al., 2010a), high blood 
pressure (Jakes et al., 2003), cardiovascular disease (Warren et al., 2010) and 
metabolic syndrome (Ford, Kohl, Mokdad, & Ajani, 2005). Despite the popularity of 
estimating sedentary behaviours and moderate and vigorous-intensity physical 
activities to determine the prevalence of, or relationships with, various aspects of 
health, there is little research to date that has explored the impact of sedentary 
behaviour and of moderate- and vigorous-intensity physical activity on total 
wellness. The term “wellness” was first coined by Dunn (1961), (Dunn, 1961b) and 
is defined as “an integrated method of functioning which is oriented toward 
maximizing the potential of which the individual is capable”(p.4). It is multi-faceted, 
involving six dimensions (i.e., physical, occupational, social, spiritual, intellectual, 
and emotional) that are enmeshed, related and, when balanced properly, provide the 
individual with optimal health or “high-level wellness”  (Greenberg, 1985; Hettler, 
1980). An individual can achieve optimal wellness through attending to each of the 
interconnected and dependent relationships among the dimensions of wellness 
(Corbin, et al., 2013; Roscoe, 2009) and changes in one dimension of wellness may 
affect other dimensions – in both positive and negative directions (Myers & 
Sweeney, 2007). Thus, total wellness is a concept which encompasses much more 
than health-related perceptions (Hermon & Hazler, 1999).    
 
The benefits of moderate and vigorous-intensity physical activity are numerous and 
affect all age groups, often in multiple dimensions of wellness (Etnier, Nowell, 
Landers, & Sibley, 2006; Hillman, Erickson, & Kramer, 2008; Miller, Ogletree, & 
Welshimer, 2002). In order to further explore this relationship, the purpose of this 
study was to examine differences in adult total wellness based on being in a group 
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with high/low levels of sitting time combined with insufficient/sufficient physical 
activity. It was hypothesized that participants in the low level of sitting time group 
who engaged in sufficient physical activity would self-report levels of total wellness 
higher than those in the high level of sitting time with insufficient physical activity 
group.  
3.4 Methods 
3.4.1 Participants and Procedures 
Participants were recruited through email invitations, messages sent to registered 
members of a health institute and advertisements in the online student service news 
of a large, South East Queensland University, all of  which included a link to a 
website. Ethics approval was deemed accepted by participants when they clicked the 
link and were connected to a Web page containing information about the study. It 
included access to the International Physical Activity Questionnaire (IPAQ) 
(www.ipaq.ki.se) and the Wellness Evaluation of Lifestyle (WEL) (Myers, et al., 
2000a) as well as a consent form. Eligible participants were between the ages of 18 
and 45 years. To proceed with the study, participants were instructed to click a 
button that indicated their consent to the online study. A convenience sample of 226 
adults (mean age ± SD, 27 ± 6 years) volunteered to participate in this study, 
including 116 (51%) males and 110 (48%) females. Ethics approval was obtained 
from the University Human Research Ethics Committee at Queensland University of 
Technology (approval number UHREC 1100000358). 
3.4.2 Measurement  
3.4.2.1 Physical Activity 
In order to assess to the level of physical activity recently achieved by the 
participants, the short version of the International Physical Activity Questionnaire 
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(IPAQ) was used. This form contains objective questions regarding the frequency 
(days per week), duration (hours /minutes), level of intensity vigorous, moderate, 
walking of physical activity and sitting time during the last seven days. In a study 
which involved 12 countries, the IPAQ self-reported physical activity survey was 
shown to be reliable and valid (Craig et al., 2003). The questionnaire was scored 
using established methods according to the IPAQ scoring protocol (Committee, 
2005). Total MET-minutes of physical activity were calculated by multiplying 
weekly physical activity volume (duration × frequency) of each activity by its 
corresponding MET value. Participants were categorized according to the American 
College of Sports Medicine (ACSM) guidelines established for adults: insufficiently 
active (participants who reported a physical activity level of 1-499 MET-
minutes/week) and sufficiently active (participants who reported a physical activity 
level  ≥ 500 MET-minutes/week) (Tucker, Welk, & Beyler, 2011). The time spent 
sitting during a usual weekday was considered a proxy measure of sedentary 
behaviour. Participants were categorized as having high or low total sitting time with 
the cut-point being based on the median Australian value for total sitting time (240 
minutes/day) reported by Bauman et al (2011). The membership of the high sitting 
time group was based on a sitting score ≥ 240 mins/day while the members of the 
low sitting time group had a score of ≤ 239 mins/day. Consequently, participants in 
this study were categorized into the following four groups: high total sitting 
time/insufficient physical activity; high total sitting time/sufficient physical activity; 
low total sitting time/insufficient physical activity and low total sitting 
time/sufficient physical activity. 
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3.4.2.2 Wellness Evaluation of Lifestyle (WEL) Inventory 
Wellness was measured using the online version of the WEL inventory, which was 
developed for institutions to simplify the collection and evaluation of data 
(MindGarden, 2005). Derived from the Wheel of Wellness theoretical model, the 
WEL was developed as a method for describing wellness behaviours that encompass 
factors related to the participants  body, mind, and spirit (Myers, et al., 2000a). The 
Wheel model includes five major life tasks which are considered to be central to 
healthy functioning, are supported by empirical data and posit important 
characteristics of healthy persons. The WEL consists of 103 items represented as 
self-statements to which respondents reply using a five-point Likert- scale with the 
following options: (a) strongly agree, (b) agree, (c) undecided or neutral, (d) disagree 
and (e) strongly disagree. A score comprised of the 17 scales is computed by 
summing the 103 items and producing a total score (range= 103 to 515). For ease of 
interpretation, the total score is divided by the total points possible (515) to yield a 
percentage value. According to Myers et al. (Myers, et al., 2004b) total wellness 
percentages may be grouped into three categories: 1) 100% indicates a high level of 
wellness; 2) scores exceeding 80% indicate moderate wellness; and 3) scores below 
79.9% indicate that there are areas in which further wellness development is needed 
(Myers, et al., 2004b).  
Wellness may be seen as a dynamic construct which may change in different 
situations. It is rare and not “the norm” for people to a report total wellness score of 
100%. People with a score of ≥ 80%, may be interpreted as indicative of moderate 
wellness. These people have room for improvement to reach greater wellness. Most 
people will report a total wellness score less than 79.9% [30]. Consequently, these 
people have life tasks which require further development.  Low scoring life tasks are 
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important and require further attention by the individual to assist them to attain the 
characteristics of healthy people (Myers, et al., 2004b). The WEL has been shown to 
demonstrate construct validity and reliability in previous research (Myers, et al., 
2000b; Witmer, et al., 1993) and has been used to assess wellness among adults 
(LaFountaine, et al., 2006). The Cronbach’s alpha for total wellness score is 0.84. 
Furthermore, for the 17 scales, the alpha’s ranged from .61 (leisure) to .89 (love). 
3.5 Statistical Analyses 
 
All statistical analyses were carried out using SPSS statistical software Version 21.0 
for Windows (IBM SPSS Inc., Chicago, IL). To evaluate the effects of different 
amounts of sitting time and volume of physical activity on total wellness, an analysis 
of variance with descriptive statistics was implemented and the significance level 
was set at 0.05 for all tests. An analysis of covariance (ANCOVA) adjusting for age, 
sex and work status (student or employed) was used to determine if there were 
significant differences in total wellness scores among the four IPAQ-determined 
physical activity/sitting time classifications: high total sitting time/insufficient 
physical activity; high total sitting time/sufficient physical activity; low total sitting 
time/insufficient physical activity and low total sitting time/sufficient physical 
activity.  
Cohen's d (i.e., difference in mean scores between groups divided by the pooled 
standard deviation) (Cohen, 1988) effect sizes (ES) were calculated for the analysis 
of each variable to elucidate the meaningfulness of differences among physical 
activity level/sitting time classifications. Values for Cohen's d of 0.2, 0.5, and 0.8 
were interpreted as small, moderate, and large, respectively (Cohen, 1988). Cross-
tabulations were used to show associations between total wellness group membership 
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(wellness development needed group and moderate wellness group) and IPAQ-
determined physical activity/sitting time classification. The Chi-square test of 
goodness of fit was used to assess whether wellness grouping was likely to be 
associated with a specific IPAQ-determined physical activity/sitting time 
classification for the sample of 226 participants. 
3.6 Results 
Participant characteristics are shown in Table 3.1. Frequency values indicate that 
there were more males (n=116), than females (n=110). The age range was from 19 to 
43 years. Sixty-nine percent of participants were students, whereas 30% were 
employed. 
 Table  3.1 General Subject Characteristics (mean ± SD) 
 Male Female Total 
Age (years)   (n=116) 26.1 ± 6.1 (n=110) 29.0 ± 6.8 (n=226) 27.5 ± 6.6 
      18-25 years (n=79) 22.6 ± 1.5 (n=48) 22.5± 1.5 (n=127) 22.5 ± 1.5 
      26-35 years (n=20) 29.3 ± 2.7 (n=35) 30.6 ± 2.9 (n=55) 30.1 ± 2.9 
      36-45 years (n=17) 38.8 ± 2.3 (n=27) 38.4 ± 2.0 (n=44) 38.61 ± 2.1 
Work Status     
       Student   (n=98) 84% 24 ± 3.2 (n=59) 53% 23.4 ± 2.4 (n=157) 69% 23.8 ± 3.0 
       Employed  (n=18) 15% 37.7 ± 5.0 (n=51) 46% 35.4 ± 3.8 (n=69) 30% 36.0 ± 4.2 
(Age mean ± SD) 
 
The frequency of IPAQ-determined physical activity/sitting time classifications is 
presented in Figure 3.1-A. The majority (60%) of the participants were categorized 
in the high total sitting time and sufficient physical activity group followed by 29% 
in the high total sitting time and insufficient physical activity group. No participants 
were found in the low total sitting time and insufficient physical activity category.  
Figure 3.1-B displays the frequency of WEL scores. The majority (77.4%) of the 
participants were categorized in the wellness development needed group followed by 
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22.6% in the moderate wellness group. No participants were found in a high level of 
wellness category.  
 
 
Figure  3.1-A IPAQ constructed sitting time/physical activity categories (N = 226). B Wellness 
Evaluation of Lifestyle (WEL) categories (based on Total Wellness). (N = 226). 
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B 
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The analysis of covariance (ANCOVA) was used in order to determine whether 
significant differences in total wellness existed among IPAQ-determined physical 
activity/sitting time classifications. Results of the analyses indicate that, after 
adjustment for age, sex and work status (student or employed), there was a 
significant differences in total wellness scores among IPAQ-determined physical 
activity/sitting time groups [F (2,220) = 32.5 (p <0.001)]. Post-hoc tests showed 
these significant differences for total wellness to be between the high total sitting 
time/insufficient physical activity group (67%) and high total sitting time/sufficient 
physical activity group (74%) (p < .001) and between a high total sitting 
time/insufficient physical activity group (66.5%) and low total sitting time/sufficient 
physical activity group (80%) (p < .001).  Moreover, a significant difference for total 
wellness was found between the low total sitting time/sufficient physical activity 
group (80%) and high total sitting time/sufficient physical activity group (74%) (p < 
.001) (Figure 3.2).  
Large effect sizes were observed for differences in total wellness between the high 
total sitting time/insufficient physical activity and high total sitting time/sufficient 
physical activity groups (d = 1.04) and between the high total sitting time/insufficient 
physical activity and low total sitting time/sufficient physical activity groups (d = 
2.21). A moderate effect size was observed (d = 0.72) for differences between the 
high total sitting time/sufficient physical activity and low total sitting time/sufficient 
physical activity groups (Figure 3.2).   
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Figure  3.2: Differences in total wellness among IPAQ groups. Mean plus Error bars represent +/- 2 
SE. 
  
Cross-tabulation of the two wellness groups (wellness development needed group 
and moderate wellness group) by the three IPAQ-determined physical activity/sitting 
time classifications is shown in Table 3.2. A Chi-square test revealed a significant 
difference in the distribution of IPAQ groups within the two wellness groups [χ2 (N 
=226) =54.4, p < .001]. One-hundred percent (100%) of participants who were in the 
IPAQ-determined high total sitting time/insufficient physical activity group were 
found in the wellness development needed group. By comparison, 72% of those in 
the IPAQ-determined low total sitting time/sufficient physical activity group, were 
located in the moderate wellness group, while the remainder of the participants were 
located in the wellness development needed group (28%). Of participants who were 
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classified in the high total sitting time/sufficient physical activity group, 75% were in 
the wellness development needed group.  
Table  3.2: Cross tabulation for sitting time and physical activity levels and total wellness 
Physical activity levels 
Classification of total wellness  
development needed moderate Total 
 high total sitting 
time/insufficient  
Count 66 0 66 
% within IPAQ category 100% 0.0% 100% 
high total sitting 
time/sufficient  
Count 102 33 121 
% within IPAQ category 75.6% 24.4% 100% 
low total sitting 
time/sufficient  
Count 7 18 25 
% within IPAQ category 28% 72% 100% 
                                    
Total 
Count 175 175 51 
% within IPAQ category 77.4% 77.4% 22.6% 
% within wellness group 100% 100% 100% 
Chi-square (χ2 (N = 226) = 54.5, p < .001) 
 
3.7 Discussion 
 
This study examined differences in total wellness among adults who self-reported 
high/low levels of sitting time and insufficient/ sufficient physical activity. Results 
showed that more than half (60%) of participants were categorized in the high total 
sitting time/sufficient physical activity group. This finding provides support for the 
hypothesis that an individual can meet the public health recommendations for 
physical activity levels (30 min of moderate-intensity activity each day) yet still 
spend unhealthy amounts of time engaged in sedentary behaviours. These individuals 
are sometimes referred to as “active couch-potatoes” (Dunstan, et al., 2010b).  As 
hypothesised, those who spent less time in sitting and were sufficiently physically 
active were found in the moderate wellness group. Several studies have shown that 
participants from healthy populations who engage in higher physical activity levels 
may have higher levels of quality of life (Rejeski, Brawley, & Shumaker, 1996). 
  73 
These higher levels are associated with improved physical and mental health, 
cognitive functioning, and social connectedness  (Bauman, Bellew, Vita, Brown, & 
Owen, 2002; Kahn et al., 2002b). In contrast, participants who spent more time in 
sitting and were not sufficiently physically active were most likely to be found in the 
wellness development needed group. One recent study examined the influence of 
screen time (high or low) on health related quality of life across different levels of 
physical activity (none, insufficient or sufficient physical activity) among a large 
sample of Australian adults. Results indicated that adults who reported no physical 
activity (zero physical activity) in combination with high screen time were more 
likely to report lower health related quality of life (Davies, Vandelanotte, Duncan, & 
van Uffelen, 2012). Additional research found that individuals who were engaged in 
a sedentary lifestyle were significantly more likely to report poor health-related 
quality of life than other adults who engaged in moderate or vigorous physical 
activity (Brown et al., 2004). As both high total sitting time and insufficient physical 
activity have been shown to have negative health effects (Helmink, Kremers, 
Brussel-Visser, & Vries, 2011; Santos et al., 2010a), interventions should target a 
decrease of sedentary behaviour as well as an increase of physical activity.  
 
The findings of the current study are consistent with a Myers et al. (2005) study of 
wellness that found no participants were in a high level of wellness category and the 
researchers suggested that high level wellness is not “the norm” in the United States. 
While this study employed a different wellness instrument, our findings are 
comparable to earlier studies, namely the association of total wellness with higher 
levels of physical activity. For example, Benzer and colleagues (1999) conducted a 
study to explore the relationship between physical activity and perceived wellness, 
  74 
using the Perceived Wellness Survey (PWS) as the dependent variable. Greater 
levels of physical activity and leisure time activity were associated with higher 
perceived physical and psychological wellness scores. Those participants with a 
greater quantity of regular physical activity had greater overall perceived wellness 
scores. Those findings support the concept that an active lifestyle will be associated 
with greater overall wellness (Bezner, et al., 1999).  
Wellness is a term that encompasses an individual’s outlook on life, including their 
perceptions of personal fitness, happiness, learning, society, work and spirituality 
(Corbin, et al., 2013). According to the literature, wellness has many dimensions. 
Each dimension may be identified as having specific subscales and each is an 
integral part of the whole. Sedentary behaviour and physical activity are subsumed 
within the physical dimension. The WEL model is based on the Adlerian theory that 
holism, an evaluation of the whole rather than the parts, was central to understanding 
human behaviour. There is recognition that it is the interaction of the parts and the 
context in which a person lives that influences the whole (Adler, 1956).  Consistent 
with this philosophy, Myers and Sweeney (2005) emphasized that all wellness 
dimensions are interrelated; a change in one area causes or contributes to changes to 
other areas, and this influences total wellness scores. The present study provides 
support for this notion, as participants who were engaged in low levels of sitting 
time/sufficient physical activity had significantly higher total wellness scores. 
 
This research adds to the knowledge base by showing that sedentary behaviours 
(such as high sitting time and low physical activity) are not only associated with poor 
health outcomes (Helmink, et al., 2011; Santos, et al., 2010a) but also with the lowest 
wellness scores, which include more than health-related perceptions. In this sense, 
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reducing sitting time and engaging in moderate or vigorous-intensity physical 
activity may be a valuable approach to improving total wellness. This information 
supports the endorsement of public health recommendations concerning physical 
activity for adults (i.e. all adults should accumulate 30 minutes of moderate intensity 
physical activity on most, preferably all, days during the week) (Warburton, et al., 
2006). 
This study has several limitations. The IPAQ, which was used to measure sitting time 
and insufficient/sufficient physical activity in the current study, has some limitations, 
one of which is that only one question was used to measure time spent sitting. The 
IPAQ is not designed to provide a detailed assessment of sitting across daily life 
domains: (work, transportation, home and leisure time). Future studies would benefit 
by use of an instrument which targets sedentary behaviours, including sitting time, 
within these specific daily life domains. The role of sitting time may vary by home 
and leisure time domains, therefore, the key scientific questions of public health 
importance also relate to the quantity of a behaviour as much as the context within 
which the behaviour occurs.  All responses in this study were self-reported, which 
may have resulted in biased conclusions. The current study was conducted through 
the Internet, thus, people could only respond to the IPAQ/WEL if they could access 
the Internet and were university students or alumni. Overall, this selection bias limits 
the generalizability of the results. Future studies should include larger sample sizes, 
more representative age ranges and more diverse education levels.  Objective 
measures (e.g., accelerometer) of physical activity level and total wellness would 
also be beneficial. 
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3.8 Conclusion 
The results from this study provide meaningful information to enhance our 
understanding of the effects on total wellness of the combination of sitting time and 
insufficient/sufficient physical activity. One-hundred percent (100%) of participants 
in the high total sitting time/insufficient physical activity group were found in the 
wellness development needed group. Such knowledge is useful in arguing the 
importance of the development of public health initiatives that aim to increase 
physical activity and reduce sedentary behaviours such as sitting time. In addition, 
this research supports public health recommendations that target the “active couch 
potato” to identify that significant health benefits (and total wellness) may be 
achieved by adults who spend less time sitting as well as being sufficiently 
physically active. 
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Chapter 4:  Development and Validation of a New Self-Report 
Instrument for Measuring Sedentary Behaviours and Light-
Intensity Physical Activity in Adults 
4.1 Notes 
This paper is reproduced from:  Barwais, F.A., Cuddihy T.F, Washington , L. 
Michaud Tomson, & Brymer, E. 2013 (In Press). Development and Validation of a 
New Self-Report Instrument for Measuring Sedentary Behaviours and Light-
Intensity Physical Activity in Adults. Journal of Physical Activity & Health. 
As indicated in (CHAPTER 1; Figure 1.1), this paper is consistent with the second 
aim of this thesis which was to provide an accurate self-report instrument to quantify 
sedentary behaviour and light-intensity physical activity among sedentary adults in a 
free-living environment.  
 The candidate is first author on this paper and was responsible for all aspects of 
manuscript preparation, including reviewing the literature, study concept and design, 
data collection, analysing, interpreting the research findings, and writing the 
manuscript. The second, third and fourth authors are member’ of the candidate’s 
supervisory team, and their contribution to the paper has been supervisory in nature. 
The last author, who is not a member of the candidate’s supervisory team, provided 
assistance with study concept and design.    
This paper has been In Press for publication to a peer reviewed international journal. 
The 2007 Impact Factor for the journal is 1.95 as listed from the Social Sciences 
Citation Index. 
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Chapter 5:  Reliability of the 7-day Sedentary and Light 
Intensity Physical Activity Log (7-day SLIPA Log) 
5.1 Notes 
This paper is reproduced from:  Barwais, F.A., Cuddihy T.F,. (Manuscript 
submitted for publication) Reliability of the 7-day Sedentary and Light Intensity 
Physical Activity Log (7-day SLIPA Log). International Journal of Behavioral 
Nutrition and Physical Activity. 
As indicated in (CHAPTER 1; Figure 1.1), this paper is consistent with the second 
aim of this thesis which was to provide an accurate self-report instrument to quantify 
sedentary behaviour and light-intensity physical activity among sedentary adults in a 
free-living environment.  
 The candidate is first author on this paper and was responsible for all aspects of 
manuscript preparation, including reviewing the literature, study concept and design, 
data collection, analysing, interpreting the research findings, and writing the 
manuscript. The second, third and fourth authors are member’ of the candidate’s 
supervisory team, and their contribution to the paper has been supervisory in nature.  
 
This paper has been submitted for publication to a peer reviewed international 
journal. The 2007 Impact Factor for the journal is 3.58 as listed from the Social 
Sciences Citation Index. 
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5.2 Abstract 
Background: An increasing body of evidence associates a high level of sedentary 
time with poor health outcomes. In contrast, breaking up sedentary time with short 
periods of light-intensity physical activity has been associated with numerous health 
benefits. Hence, it is of paramount importance to have reliable measures to assess 
such behaviours. This study aimed to determine the test–retest reliability of the 7-day 
SLIPA Log, a self-report measure of adult sedentary behaviour across four daily life 
domains (work, transportation, home, and leisure-time) and sleeping. Method: 
Participants included 15 sedentary adults (10 men, 5 women; 26.4 ± 3.0 years). 
Participants were included if they spent 7 or more hours sitting per day, as 
determined by the IPAQ (short version). The 7-day SLIPA Log was administered 
under the same conditions on two occasions, 3 weeks (21-day) apart. Results: 
Intraclass Correlation Coefficient (ICC) values ranged from .91 to .48, where the 
highest ICC was observed for the sedentary behaviour in the home domain and the 
lowest ICC was found for light-intensity physical activity in the work domain. 
Conclusions: The 7-day SLIPA Log has good to substantial beyond chance (test-
retest) reliability in the measurement of sedentary behaviour and light-intensity 
physical activity across four daily life domains and sleeping among sedentary adults. 
 
 
 
 
 
 
 
 
 
 
 
 
  103 
5.3 Introduction 
Habitual sedentary behaviours have become a serious public health issue in many 
parts of the world. Recent epidemiological research indicates that as more time is 
spent being sedentary (e.g., sitting) in different daily life domains (e.g., leisure, 
work), the greater the health risks for developing a chronic condition. These risks 
include a variety of physiological and psychological parameters, which may impact 
individuals, independent of the time spent on moderate to vigorous activity 
(Bankoski, et al., 2011; Duncan, et al., 2012; Grøntved & Hu, 2011b; Owen, et al., 
2010a; Sugiyama, et al., 2013; Wijndaele, et al., 2011). In general, sedentary 
behaviour and light-intensity physical activity have become increasingly common in 
adults at home, at work and during leisure time (Healy, et al., 2007; Jeffery & Utter, 
2003). There is substantial evidence showing that adults spend most of their waking 
hours in either sedentary behaviour or light-intensity physical activity. Light-
intensity behaviours have been described as activities that result in energy 
expenditure at the level of 1.6–2.9 metabolic equivalent units (METs)(Pate, et al., 
2008), whereas  sedentary behaviour result in energy expenditure at the level of 1.0–
1.5 METs (Pate, et al., 2008). Recently it has been shown that adults spend 
approximately 9.4 hours in sedentary behaviour (“time spent sitting”) and 
approximately 6.5 hours in light-intensity physical activity a day (Norton, et al., 
2010).  
Self-report questionnaires are the most common subjective method used to measure 
sedentary behaviour and light-intensity physical activity (Healy, et al., 2011a), 
because they are less costly and easier to administer than other measurements 
(Macera, et al., 2001). Participants are typically asked to estimate their time spent in 
sedentary activities (i.e. sitting) or light-intensity activities (i.e. light housework) 
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over a week or a longer timeframe (Healy, et al., 2011a; Kriska & Caspersen, 1997). 
Previous research indicates that most of the physical activity and sedentary behaviour 
self-report instruments are more accurate when used in the short-term recall format 
(e.g., 24-hour recall) and via a behavioural log method rather than the longer term 
traditional surveillance systems (7 days or more) (Barwais, et al., In Press; Matthews, 
et al., 2012; Tudor-Locke, et al., 2011). A log is a practical method to provide 
detailed behavioural information in order to review specific types of sedentary 
behaviour or physical activity and capture components of the context, including 
intensity, duration and frequency. The log method has been most commonly used in 
validation studies of physical activity questionnaires or in combination with 
objective measures such as accelerometers to improve the relationship between 
objective and subjective methods (Timperio, et al., 2004). In a comparison of 
traditional questionnaires, the log method has been found to be useful in 
epidemiological and descriptive studies because it can provide significant and 
specific daily details (e.g. which may rely on a short-term, 24-hour recall) about 
sedentary behaviour or physical activity.  These extra details may lead to a reduction 
in reported long-term recall measurement error (Matthews, et al., 2012). 
Additionally, a major benefit of the self-report logs method is the capacity to 
determine information about particular behaviours (e.g. shopping, leisure-time 
activity, walking). This is particularly beneficial for evaluating the efficacy of 
programs that aim to reduce sedentary behaviours and increase physical activity 
levels among adults (Clark, et al., 2009; Dollman, et al., 2009).  
A study by Salmon et al., (2003) used a three-day log to validate a leisure-time 
questionnaire on sedentary behaviour and physical activity in a sample of 144 
Australian adults. The study found that a behavioural log was the appropriate method 
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to cover a variety of leisure-time sedentary behaviours. Despite the benefits of using 
behavioural logs to assess sedentary behaviours or physical activity, there are several 
major limitations to this approach, namely its high potential for participant reactivity 
and poor respondent motivation compared with questionnaire methods (Dollman, et 
al., 2009). The log method has not been used in evaluation of sedentary behaviour.  
The 7-day Sedentary (S) and Light Intensity Physical Activity (LIPA) Log (7-day 
SLIPA Log) was based on 23 questions which were well piloted and trialled 
(Barwais, et al., In Press).  These questions were developed to provide individuals 
with memory prompts that enable easier recall of sedentary behaviour and light-
intensity physical activity from the previous 24-hour period.  In addition, the 
instrument affords opportunities to gather information on where such activities occur 
(e.g., at work, at home, in transportation, or during leisure time). The 7-day SLIPA 
Log has been shown to demonstrate good construct validity when compared with the 
ActiGraph GT3X accelerometer with inclinometer function.  The correlation was (r 
= 0.86, p < 0.001) for sedentary time and (r = 0.80, p < 0.001) for light-intensity 
physical activity (Barwais, et al., In Press). The 7-day SLIPA Log was found to be 
acceptable across four daily life domains (work, transportation, home, and leisure 
time) and sleeping among sedentary adults Therefore, the aim of this study was to 
determine the test–retest reliability of the 7-day SLIPA Log to measure sedentary 
behaviour and light intensity physical activity across four daily life domains (work, 
transportation, home, and leisure time) and sleeping among sedentary adults during 
free-living activities. 
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5.4 Methods 
5.4.1 Participants 
A convenience sample of 21 adults (14 men, 7 women, ages 20–36 year) were 
recruited to participate in the study through advertisements in local newsletters, 
flyers, and emails at a metropolitan university in Brisbane, Australia in October 
2012. To be eligible, candidates had to be aged between 18 and 45 years and report a 
sedentary lifestyle, defined as spending seven or more hours per day sitting (as 
determined by IPAQ, short version). Written informed consent was obtained and the 
study was approved by the Human Research Ethics Committee of Queensland 
University of Technology. Participation was completely voluntary and participants 
were informed that they could withdraw at any time during the intervention. Six 
participants were excluded from the current analysis sample: two did not comply 
with the study protocol, and the other four, for various reasons were unable to 
complete the Log as instructed. Thus, analyses were based on a convenience sample 
of 15 adults (10 men, 5 women, mean age ± SD, 26.4 ± 3.0 year). 
5.4.2 Study Design 
Each participant completed one study visit to the university. During the visit 
(baseline), participants read and signed an informed consent form approved by the 
Human Research Ethics at the Queensland University of Technology in the presence 
of the first author. Participants then were measured for height and weight, and 
received instructions for completing the 7-day SLIPA Log which included a link to a 
website. In order to avoid/reduce measurement error participants received daily 
reminder emails at baseline (7-day) from the first author to complete the log. After 
21-days, the participants received an email with a link (to the retest site) requesting 
that they complete the 7-day SLIPA Log over a second time period. During the retest 
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(7-day) period, daily reminder emails were sent to participants reminding them to 
complete the log.  
     5.4.3 Measures 
The 7-day SLIPA Log is a 23-item instrument that collects information about 
sedentary behaviour and light intensity physical activity across four daily life 
domains: work (seven questions), transport (three questions), home (six questions) 
leisure (six questions) and sleeping (one question) (see Table 5.1). Each question 
corresponds to a specific level of MET-intensity according to the Compendium of 
Physical Activity (Ainsworth et al., 2011). One MET (metabolic equivalent) is the 
energy cost of resting quietly, often defined in terms of oxygen uptake as 3.5 mL.kg
-
1
.min
-1 
(Pate, et al., 2008). Questions included in the 7-day SLIPA Log were 
organized into 8 different MET levels (0.9-2.5), ranging from 0.9 METs (sleeping) to 
2.5 METs (walking). Participants were asked to complete the 7-day SLIPA Log by 
indicating how many hours and minutes they had spent in sedentary behaviour and 
light intensity physical activity in each of the daily life behavioural domains for the 
previous day (12:00 am to 11:59 pm). The accumulated daily duration 
(hours/minutes) for each domain was calculated for each participant. As the 7-day 
SLIPA Log required the participant to report only sedentary and light intensity 
physical activity, each of the twenty three question durations (when multiplied by the 
correct MET values found in the Compendium of Physical Activities) (Ainsworth, et 
al., 2011) were then allocated into the appropriate (sedentary or light-intensity 
physical activity category). Data were thereafter summed within each domain to 
estimate the total amount of time spent in sedentary behaviour and light intensity 
physical activity per day, and daily data were downloaded by researcher. The 
average time of the seven days recall was subsequently used for analyses. 
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Participants completed the 7-day SLIPA Log for seven consecutive days (5 
weekdays and 2 weekend days). The retest period was 3 weeks later and the 7-day 
SLIPA Log re-test was completed by the same participants under the same 
conditions. This period was thought to be long enough to ensure that participants 
could not complete the 7-day SLIPA Log from memory and short enough to prevent 
large changes in their habitual sedentary behaviour and light intensity physical 
activity. 
Table  5.1: The 7-day Sedentary (S) and Light Intensity Physical Activity (LIPA) Log (7-day SLIPA 
Log). 
7-day SLIPA Log 
 Monday 
① 
Tuesday 
② 
Wednesday 
③ 
Thursday 
④ 
Friday 
⑤ 
Saturday 
⑥ 
Sunday 
⑦ 
 Questions of Specific behaviours 
Domains How many hours and minutes do you spend; Hours   Minutes 
 
 
 
Work 
 
Sitting- studying, writing, desk work, typing?   
Sitting in a meeting?    
Sitting - light office work, general?   
Standing (store clerk, filing, duplicating, standing and talking at work)?   
Standing – miscellaneous?   
Walking on job, (in office or lab area), very slow?   
Standing - light work (filing, talking, assembling)?   
 
Transport 
 
Riding in a car or bus?    
Driving a car (sitting)?   
Walking from house to car or bus, from car or bus to go places?   
 
 
 
Home  
 
Sleeping (includes rest or naps during the day)?   
Light cleaning?   
Wash dishes - standing?   
Standing – light?   
Cooking or food preparation?   
Standing quietly (standing in a line)?   
Shopping?   
 
 
 
Leisure 
 
Walking very slowly?   
Lying quietly, watching television?   
Reclining – writing, talking or talking on phone, reading?    
Sitting - using a computer, card playing, playing board games?    
Sitting quietly and watching television, listening to music, reading?   
Standing - talking or talking on the phone?   
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5.5 Statistical Analysis 
All statistical analyses were carried out using SPSS statistical software version 21.0 
for Windows (SPSS Inc., Chicago, IL). The average of the seven days of sedentary 
behaviour time and light intensity physical activity across four daily life domains: 
(work, transportation, home, and leisure time) and sleeping were calculated. 
Intraclass Correlation Coefficients (ICCs) and 95% confidence intervals (95%CI) 
were calculated. The values of ICCs that were determined were characterized as 
follows: poor (≤ .40), fair to good (.41– .60), moderate (.61–.80) and substantial 
beyond chance (>.81) (Shrout, 1998). Confidence intervals around the ICCs (95% 
CIs) indicated if the reliability estimate was statistically different from 0 at the p < 
.05 significance level. Cronbach’s alpha was used to assess internal consistency of 
the scales. Alphas ≥.70 were considered to meet minimal standards. 
5.6 Results 
Participant characteristics are shown in Table 5.2. The values of the ICCs (95% CI) 
for the seven days of sedentary behaviour time and light intensity physical activity 
across four daily life domains: (work, transportation, home, and leisure time) and 
sleeping are displayed in Table 5.3.  
Table  5.2: Characteristics of the study population 
 Total (n=15)    Male (n=10) Female (n=5) 
Age (years) 26.4 ± 3.0  26.1 ± 2.7  27.2 ± 3.8  
Height (cm) 170.4 ± 8.0  173.8 ± 6.7 163.8 ± 6.1 
Weight (Kg) 77.7 ± 24.4  83.2 ± 28.5  66.8 ± 6.3  
BMI (kg/m
2
) 27.0 ± 7.0 28.0 ± 8.4  24.9 ± 2.2  
Values are means ± 1 SD 
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Cronbach alphas for the 7-day SLIPA Log variables ranged from .64 to .95, and the 
ICCs between the two administrations ranged from .48 to .91, indicating fair – good 
up to substantial beyond chance reliability. Moderate test-retest reliability 
coefficients were also observed. In addition to the total time spent in sedentary 
behaviour (ICC = .66, 95% CI: 0.24, 0.87) and light intensity physical activity (ICC 
= .77, 95% CI: 0.45, 0.91), the various life domain ICC’s for sedentary behaviour 
were calculated with the following results; work (ICC = .66, 95% CI: 0.24, 0.87), 
transportation (ICC = .68, 95% CI: 0.30, 0.88), leisure time (ICC = .65, 95% CI: 
0.21, 0.86), while the home domain ICC was substantial beyond chance (.91, 95% 
CI: 0.75, 0.96). Each of these ICC’s was statistically significant at p <0.001.  
With respect to light intensity physical activity the following two daily life domain 
ICC’s were shown to be moderate; transportation (ICC = .80, 95% CI: 0.52, 0.93), 
home domain (ICC = .73, 95% CI: 0.38, 0.90) and leisure time (ICC = .70, 95% CI: 
0.31, 0.89) p <0.001. Finally the light intensity physical activity work domain 
reliability was determined as fair to good (ICC = .48, 95% CI: -0.02, 0.88) which 
was statistically significant at p <0.05. For total time spent in sleeping ICC was 
moderate (.78, 95% CI: 0.46, 0.92) p <0.001 (Table 5.3).  
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Table  5.3: Means, Standard Deviations, alpha coefficients and Intraclasss correlation coefficients and 
95% confidence intervals (ICC; 95% CI) for sedentary behaviour time and light intensity physical 
activity across four daily life domains: (work, transportation, home, and leisure time) and sleeping (N 
= 15) 
5.7 Discussion 
Overall, the results of this study suggest that among sedentary adults, the 7-day 
SLIPA Log displays mostly good to substantial beyond chance 3-week test-retest 
reliability and can be considered a potentially useful measure of sedentary behaviour 
and light intensity physical activity across four daily life domains (work, 
transportation, home, and leisure time) and sleeping. Reliability was high for all 
activities in the 7-day SLIPA Log, except for light intensity physical activity within 
the work domain.  
 
To some extent, the results from this study are consistent with previous research, 
although differences exist with respect to sample demographics, measurement 
instruments and test–retest period. A recent review by Healy et al. (2011) suggests 
that most questionnaires have shown good to excellent test–retest reliability for 
       Baseline 3 week (retest)   
  
Variables (hour/day) Mean SD Mean SD Alpha ICC 95% CI P-value 
Sedentary behaviour 11.5 2.0 11.7 1.2 .79 .66 (0.24, 0.87) 0.001 
    Work domain 5.7 1.5 5.5 1.1 .80 .66 (0.24, 0.87) 0.001 
    Transport domain .47 .39 .60 .41 .82 .68 (0.30, 0.88) 0.001 
    Home domain .37 .45 .39 .34 .95 .91 (0.75, 0.96) 0.001 
    Leisure domain 5.1 1.6 5.1 .90 .77 .62 (0.16, 0.85) 0.001 
Light-intensity 3.6 1.2 3.4 1.3 .87 .77 (0.45, 0.91) 0.001 
     Work domain 1.3 .95 1.2 .69 .64 .48 (-0.02, 0.80) 0.05 
     Transport domain .32 .16 .31 .16 .88 .80 (0.52, 0.93) 0.001 
    Home domain 1.0 1.0 .93 .87 .84 .73 (0.38, 0.90) 0.001 
    Leisure domain .85 .55 .88 .43 .81 .70 (0.31, 0.89) 0.001 
Sleeping time 7.2 .87 7.3 1.0 .87 .78 (0.46, 0.92) 0.001 
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overall sedentary behaviour time (ICCs = 0.60 to 0.97), poor to excellent for leisure 
time sedentary behaviour (ICCs = 0.32 to 0.93), good to excellent for the sedentary 
behaviour work domain (ICCs = 0.64 to 0.93) and poor to excellent for the sedentary 
behaviour transportation domain (ICCs = 0.29 to 0.85) (Healy, et al., 2011a). 
Moreover, fair to substantial ICCs (.55 to .91) were reported for light intensity 
physical activity in the work domain (Reis, DuBose, Ainsworth, Macera, & Yore, 
2005). 
 
Self-report questionnaires remain the most commonly used method of assessing 
sedentary behaviour and light intensity physical activity within specific domains. The 
majority of sedentary behaviour and light intensity physical activity questionnaires 
have focused on time spent watching television and other activities that involve 
“sitting” or “standing” (i.e. occupational sitting time) (Chau, et al., 2012a; Marshall, 
et al., 2010). It is important to note that the results of previous studies which used 
self-report questionnaires have proved difficult to interpret and compare with the 
results from the current study. The Log method we employed has not been widely 
used for the study of sedentary behaviour and light intensity physical activity 
particularly across daily life domains. The self-report log method has noticeable 
advantages over the traditional questionnaire method, as it is less reliant on long-term 
recall (Matthews, et al., 2012). Moreover, a major benefit of self-report Log methods 
is the capacity to determine information about specific multiple target behaviours 
(e.g. reading, leisure-time activity, television viewing).This is particularly beneficial 
for evaluating the efficacy of programs that target specific sedentary behaviour and 
light intensity physical activity behaviours among adults (Clark, et al., 2009; 
Dollman, et al., 2009). 
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This research has limitations that should be noted. Although, good to substantial 
beyond chance reliabilities were found in this study, one major limitation is the 
relatively small sample size. For this reason, these findings cannot be generalized to 
the broader community based on this study. The 7-day SLIPA Log may have to be 
adjusted for use in other cultures and may need to be reviewed over time as other 
sedentary behaviour and light intensity physical activity activities become popular 
among adults. 
5.8 Conclusions 
When employed with sedentary adults the 7-day SLIPA Log showed good to 
substantial beyond chance test–retest reliability after 3 weeks. These findings support 
the use of the 7-day SLIPA Log in both research and intervention studies that focus 
on identifying time spent engaged in sedentary behaviour and light intensity physical 
activity across four daily life domains: work, transportation, home, and leisure time 
and sleeping. Future studies are needed to evaluate the 7-day SLIPA Log in a large 
sample size in numerous demographic and geographically diverse populations.  
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Chapter 6:  Empowering Sedentary Adults to Reduce 
Sedentary Behaviour and Increase Physical Activity Levels 
and Energy Expenditure: Success with a Technology-Based 
Physical Activity Monitor 
6.1 Notes 
This paper is reproduced from:  Barwais, F.A., Cuddihy T.F., & White, K. M. (under 
review) Using Technology-Based Physical Activity Monitors to Reduce Adult 
Sedentary Behaviour. Journal of Physical Activity & Health. 
As mentioned previously (CHAPTER 1; Figure 1.1), this paper is consistent with the 
third aim of this thesis to provide empirical evidence that using an online personal 
activity monitor to reduce sedentary time and increase physical activity levels may 
be associated with increased total wellness scores among sedentary adults. 
  
The candidate is first author on this paper and was responsible for all aspects of 
manuscript preparation, including reviewing the literature, study concept and design, 
data collection, analysing, interpreting the research findings, and writing the 
manuscript. The second and third authors are member’ of the candidate’s supervisory 
team, and their contribution to the paper has been supervisory in nature.  
 
This paper has been submitted for publication to a peer reviewed international 
journal. The 2007 Impact Factor for the journal is 1.95 as listed from the Social 
Sciences Citation Index. 
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6.1 Abstract  
Background: In many societies, increased attention is being paid to develop 
potential intervention methods that focus on reducing sedentary time and increasing 
physical activity levels. Objective: To assess the effectiveness of a 4-week 
intervention in which an online personal activity monitor was used to reduce 
sedentary behaviour among sedentary adults during free-living activities.  
Method: Eighteen sedentary adults (12 men, 6 women, mean age ± SD, 29 ± 4.0  yr, 
body mass index [BMI] range 19.3–44 kg·m-2) volunteers were recruited to 
participate in the study. Measures of 7-day sedentary behaviour and light-intensity 
physical activity across four daily life domains (work, transportation, household 
activities, and leisure time) were assessed at baseline and at the end of the 4-week 
intervention. The perceived usefulness and usability of an online monitor were 
measured at the end of the 4-week intervention. Results: A significant decrease of 
33% (3.1 hours/day) was found between the time spent in sedentary activities 
measured at baseline (9.4 ± 1.1 hours/day) and at the end of the 4-week intervention 
(6.3 ± 0.8 hours/day (p < 0.001). Between baseline and the end of the 4-week 
intervention, significant increases (p < 0.001) were found in the amount of time spent 
on light-intensity (45% [2.6 hours/day]), moderate-intensity (33% [1 hour/day]), and 
energy expenditure (47% [216.7 kcal/day]). A significant increase (p < 0.05) was 
found in the amount of time spent on vigorous-intensity physical activity (39% [0.16 
hour/day]). A significant increase (p < 0.05) was found in the amount of time spent 
on vigorous-intensity physical activity (39% [0.16 hour/day]). The main effects of 
reducing the amount of time spent in sedentary activities and increasing light-
intensity physical activity were noted within the leisure time domain (p < 0.001). 
Conclusion: Innovative technologies provide behavioural self-monitoring and 
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memory jogs to participants to stand and move around.  This online personal activity 
monitor contributes to a meaningful reduction in time spent in sedentary activities 
and has a large effect on physical activity patterns.   
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6.2 Introduction 
The body of literature addressing the physical activity levels and sedentary behaviour 
of the general population is rapidly growing, due to concerns about declining levels 
of physical activity and the increasing amount of time people spend in sedentary 
behavior. These changes may be due to increases in sedentary lifestyles in the home, 
at the office, and during leisure time (Matthews, et al., 2008). Such increases are 
largely related to the increasing popularity of new technologies that make 
entertainment systems and computers more attractive and available. Sedentary 
behavior has most recently been defined not as a simple lack of physical activity but 
as a cluster of individual behaviors in which sitting or lying down is the dominant 
mode or posture and in which energy expenditure is very low (Group., 2010). 
Sedentary behavior is typically associated with time spent sitting, reclining, or lying 
down during waking hours (Dietz, 2007). A recent study using objective measures 
showed that adults are increasingly sedentary, spending approximately 50–60% of 
their day engaged in sedentary activities (Healy, Matthews, Dunstan, Winkler, & 
Owen, 2011d). Accumulating evidence suggests that sedentary behaviors are 
associated with health risks, including various physiological and psychological 
problems, which are often independent of the time spent on moderate to vigorous 
activity (Owen, et al., 2010a). In contrast, a growing body of research suggests that 
breaking up time spent in sedentary activities with short bouts of light- or moderate-
intensity walking, or even substituting minimal activities such as sitting with 
standing, has a positive effect on health (Dunstan & Owen, 2012; Healy, et al., 
2008a; Levine, et al., 2005; Macfarlane, et al., 2006). 
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As a consequence, in many societies, increased attention is being paid to developing 
potential intervention methods that focus on reducing time spent in sedentary 
activities via activities such as the use of standing desks (Speck & Schmitz, 2009), 
sitting on therapy balls instead of regular office chairs (Beers, et al., 2008), sitting 
and operating a stepping device (McAlpine, et al., 2007), and using a walking 
workstation (Levine & Miller, 2007). Furthermore, including light-intensity activities 
in daily living has been shown to result in substantial increases in total daily energy 
expenditure (Levin & David, 1999; Levine, 2007a). A recent position statement on 
physical activity and exercise intensity terminology indicated that the majority of 
activities during waking hours are light-intensity physical activity, accounting for 
91.5% of adult physical activity; meanwhile, approximately 6% of activities 
represent moderate or vigorous levels (Norton, et al., 2010). Recently, several studies 
have focused on increasing energy expenditure through engagement in light-intensity 
activities. The energy expended in single, discrete movements classified as non-
exercise activity thermogenesis (NEAT) may be small, but the cumulative effects of 
the many activities falling into this category generally make them a significant 
contributor to energy expenditure (Tremblay, et al., 2007). Levine (2004) suggested 
that maintaining low levels of physical activity throughout the day, such as fidgeting, 
might increase energy expenditure above resting levels by 20–40% (Levine, 2004).   
The key issue in managing health is achieving permanent changes in habits and 
lifestyles. Many people are beginning to change their habits and, more importantly, 
are maintaining these changes through challenging long-term processes that require 
great personal motivation (Mattila, et al., 2010). In recent years, technology has 
come to play a very important role in promoting and supporting an active lifestyle, 
particularly in increasing physical activity levels and reducing time spent in 
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sedentary activities through self-monitoring, goal setting, and other behavioural 
strategies. Recent technological advances have enabled effective motivational 
applications for monitoring time spent in sedentary activities and physical activity 
levels. These applications typically use small wearable sensors. The resultant data 
can easily be uploaded via an interactive online interface. Such actions provide users 
with easy-to-understand visualizations of their daily activity patterns. One sensor is 
the Gruve Online Personal Activity Monitor made by MUVE, Inc. (USA) (MUVE-
Gruve-Technologies™, 2009). The activity monitor has a built-in three-dimensional 
accelerometer, which effectively detects the volume of different intensity levels of 
daily movement and the associated energy production. The aims of this study were to 
(1) examine the outcomes of a 4-week intervention in which the Gruve online 
personal activity monitor was used to reduce sedentary behaviour and increase 
physical activity levels and energy expenditure among sedentary adults during free-
living activities, (2) use a self-report method to examine changes in time spent in 
sedentary activities and light-intensity physical activity across different life domains 
(work, transportation, household activities, and leisure time), and (3) measure the 
perceived usefulness and usability of the online monitor and predict its future use.  
 
6.3 Methods 
6.3.1 Participants  
All participants completed a demographic questionnaire at baseline. Participants’ 
height (cm) and weight (kg) were then measured following the International Society 
for the Advancement of Kinanthropometry (ISAK) protocols (Marfell-Jones, et al., 
2006). BMIs were calculated based on weight (in kg) divided by height (in meters
2
).  
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Eighteen adult (12 men, 6 women, mean age ± SD, 29 ± 4.0 yr, body mass index 
[BMI] range 19.3–44 kg·m-2) volunteers were recruited to participate in the study 
through advertisements in local newsletters, flyers, and emails at a metropolitan 
university in Brisbane, Australia. Pre-screening using a self-report questionnaire was 
used to determine eligibility in relations to sedentary behaviour. Only those who 
reported a high total sitting time, defined as spending > 7 hours/day, were invited to 
participate in the study. (Rosenberg, et al., 2008; Tremblay, et al., 2010).  Written 
informed consent was obtained, and the study was approved by the Human Research 
Ethics Committee of Queensland University of Technology.    
 
6.3.2 Study Design 
A pre-experimental, one-group, pretest-posttest design was used in this study. The 
duration was 5 weeks, one week baseline data assessment and 4 weeks intervention 
during October/November 2012. The independent variable was the intervention, and 
the dependent variable were the 7 day average of time spent in sedentary activities, 
light-, moderate-, and vigorous-intensity physical activity, and energy expenditure 
during waking hours.   
 
6.3.3 Description of an Online Personal Activity Monitor 
MUVE, Inc. developed the Gruve online personal activity monitor in cooperation 
with the Mayo Clinic (USA) (MUVE-Gruve-Technologies™, 2009). The monitor is 
a tri-axial accelerometer system that tracks time spent on daily sedentary and light-, 
moderate-, and vigorous-intensity physical activity and energy expenditure via a 
wearable device and an accompanying online service. The small activity monitoring 
device, which is similar in size and shape to a pedometer and is designed to be worn 
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on the waistband, is based on NEAT. The device monitors a participant’s daily 
physical activity at 20 Hz and stores the minute data on the device for uploading later 
to the interactive online software, through a Universal Serial Bus (USB) port. These 
data subsequently provide the user with easy-to-understand visualization of daily 
activity patterns. Goal-setting features are used alongside simple graphs and charts to 
enhance self-monitoring of energy expenditure. An indicator (a halo bar) on the top 
of the device also highlights users’ progress toward their daily goal. When palpated 
throughout the day, the indicator bar provides a Light-Emitting Diode (LED) colour 
corresponding to the user’s progress towards their daily activity goal. For example, at 
the beginning of the day, the light bar is red, but as the day progresses, if the user has 
been sufficiently active, the colour progresses from red to yellow to orange to blue 
and finally to green. The green light indicates that the daily activity goal has been 
achieved. The proprietary monitoring algorithm considers the participant’s gender, 
height, weight, and age to calculate daily and weekly energy expenditure goals. The 
goal represented by a green light (known as the “Green Goal”) is a function of a 
participant’s resting metabolic rate (RMR) and physical activity level (PAL). The 
online monitor automatically sets the Green Goal based on a participant’s current 
activity patterns and the number of calories the participant needs to burn every day 
above the RMR. The Green Goal gradually increases as the PAL does. The system 
analyses each participant’s progress every day. If the participant has reached the 
Green Goal more than eight times in the previous 14 day, the goal automatically 
increases by approximately 20% of total average daily energy expenditure; 
otherwise, the goal remains the same. An additional feature is the built-in vibrating 
function that provides a short vibrating pulse to the user when the monitor senses an 
extended sitting period. Research has shown that the Gruve personal activity monitor 
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is accurate when measuring energy expenditure at seven velocities in the laboratory 
and during free-living conditions (Manohar, Koepp, Mc Crady-Spitzer, & Levine, 
2010; Manohar, Koepp, McCrady-Spitzer, & Levine, 2012).  
6.3.4 Intervention Structure 
While using the personal activity monitor, the intervention participants finished a 4-
week intervention designed to reduce sedentary behaviour during free-living 
activities. Each participant completed two visits to the university. During the first 
visit, the participants received detailed instructions for placing the monitor, wearing 
it, and installing online software on the participants’ computers (MUVE-Gruve-
Technologies™, 2009). Subsequently, the participants were asked to create login IDs 
and add their gender, height, weight, and age information to the website. At the 
baseline (assessment week 1), participants wore the monitor for 7 day (5 weekdays 
and 2 weekend days) during free-living activities except when sleeping or bathing. 
Participants were asked to ensure they followed normal daily physical activities and 
sedentary routines. Additionally, participants were advised to charge the monitor 
battery at night while sleeping. During this assessment week, the monitor’s halo light 
bars were constantly green, as were the graphic online bar charts. Based on the PAL 
determined during the 7-day assessment period (baseline), the online personal 
activity monitor software automatically set Green Goals for the participants and 
started displaying different colours on the monitor and online charts. These colours 
were appropriate to the daily level of accumulated physical activity. During the 
intervention period (weeks 1 to 4), participants continued to wear the monitor daily 
on weekdays and weekend days during free-living activities, except when sleeping, 
bathing or swimming. To increase motivation, participants were encouraged to 
achieve their daily monitor goals (green bar) and view their daily online homepages. 
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Weekly motivational emails from the online system were sent to participants when 
they achieved their Green Goals, which encouraged the participants to continue 
being more active than determined as their previous habitual PAL. During the 
participants’ second university visit, after having completed the 4-week intervention, 
the participants returned the monitor. 
6.3.5 Study Measures 
6.3.5.1 Objective Measurement 
Time spent in sedentary activities and light-, moderate-, and vigorous-intensity 
physical activity and energy expenditure were derived during waking hours from the 
online personal activity monitor algorithms. Every 3 days when the participants 
synced their monitor with online software, the recorded data were downloaded by the 
first author through logging into the participant’s page on the online software. Data 
entry was performed in Excel by an independent research assistant and reviewed. 
The average of the 7 day (baseline and at the end of the 4-week intervention) was 
recorded and subsequently used for analyses. 
6.3.5.2 Self-report Measurement  
Daily sedentary activities and light-intensity physical activity within specific 
behavioural life domains were measured using the 7-day Sedentary and Light 
Intensity Physical Activity Log (7-day SLIPA Log) (Barwais, et al., In Press). The 7-
day SLIPA Log is a 23-item instrument that collects information about sedentary 
behaviour and light-intensity physical activity across four daily life domains (work, 
transportation, household activities, and leisure time). The level of detail the log 
provides about specific behavioural domains allows researchers to identify where 
changes in particular behaviours such as sitting or walking may have occurred (e.g., 
at home or work). Participants were asked to complete the 7-day SLIPA Log by 
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indicating how many hours and minutes they had spent in sedentary behaviour and 
light-intensity physical activity in each of the four daily life behavioural domains for 
the previous day (12:00 a.m. to 11:59 p.m.) at baseline and post-intervention (at the 
end of the 4-week involvement). The validity of the 7-day SLIPA Log was tested 
against an ActiGraph GT3X accelerometer for 7 consecutive days, and the 
correlation of (r = 0.86, p < 0.001) for time spent in sedentary activities and (r = 
0.80, p < 0.001) for light-intensity physical activity was acceptable across the four 
daily life domains (Barwais, et al., In Press). 
 
6.3.5.3 Technology Acceptance Model (TAM) 
The original items from the Technology Acceptance Model (TAM) developed by 
Davis (1989) were used to measure the perceived usefulness and usability of the 
online personal activity monitor acceptance at the end of the 4-week intervention. 
The TAM specifies two belief factors that are salient in the context of information 
technology usage and acceptance. Two key components, perceived usefulness and 
perceived ease of use, must be addressed. Perceived usefulness is defined as "the 
degree to which a person believes that using a particular system would enhance his 
or her job performance.” The perceived ease of use indicates "the degree to which a 
person believes that using a particular system would be free from effort" (Davis, 
1989)p. 320). The TAM has been shown to demonstrate construct validity and 
reliability in previous research (Davis, 1989), and has become a widely applied for 
user acceptance and usage (Kirwan, Duncan, Vandelanotte, & Mummery, 2012; 
Wilson & Lankton, 2004). At the end of the 4-week intervention, the participants 
were asked to complete a perceived usefulness and perceived ease of use 
questionnaire. The perceived usefulness and perceived ease of use questionnaire 
consisted of 12 items represented as self-statements to which respondents replied 
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using a seven-point Likert scale ranging from 1 (strongly disagree) to 7 (strongly 
agree). Larger values reflect higher participant acceptance of an online monitor.  
6.3.5.4 Predicted Future Use 
Participants were also asked to indicate whether they thought that they would use an 
online monitor in the future. The predicted future use questionnaire consisted of four 
items: (1) How willing would you be to use an online monitor in the future? (2) If 
you own an online monitor, how willing would you be to use it in the future? (3) Do 
you intend to purchase an online monitor in the future? (4) Has this experience 
increased your interest in the future in using such assistive technology to reduce your 
sedentary behaviour? These statements were represented as self-statements to which 
respondents replied using a seven-point Likert scale ranging from 1 (not at all) to 7 
(definitely). 
6.4 Statistical Analysis 
All statistical analyses were carried out using SPSS statistical software version 21.0 
for Windows (SPSS Inc., Chicago, IL). Descriptive data were expressed as means 
and SDs (95% confidence intervals). To determine whether changes in the pre-post 
intervention differed from baseline to the end of the 4-week intervention, a repeated 
measures analysis of variance (ANOVA) with the General Linear Model procedure 
were used. Differences between the average of the amount of time spent in sedentary 
activities, light-, moderate-, and vigorous-intensity physical activity, and energy 
expenditure were assessed at the baseline and at the end of the 4-week intervention. 
Mauchly’s Test of Sphericity followed by Huynh-Feldt corrections were used for 
within-subjects effects. Effect sizes for variance (ANOVAs) (partial eta-squared: η2) 
were calculated following Cohen (Cohen, 1988) with 0.01, 0.059, and 0.138 
interpreted as small (i.e., negligible practical importance), medium (i.e., moderate 
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practical importance), and large (i.e., crucial practical importance), respectively. 
Paired t-tests were used to determine significant differences between the baseline and 
the end of the 4-week intervention for the 7-day SLIPA Log across four daily life 
domains (work, transportation, household activities, and leisure time). For cases of 
significance on the paired t-tests, effect sizes for mean differences were expressed as 
Cohen’s d (difference in means divided by the standard deviation of the difference) 
and interpreted as small, moderate, or large based on 0.2, 0.5, and 0.8, respectively 
(Cohen, 1988). Differences were considered significant when p < 0.05. The sample 
size was calculated using the G*Power V.1.1.3 software. A target of 20 participants 
was set, as this was estimated to provide 85% power (two-tailed, p < 0.05) to detect a 
10% decrease in the amount of time spent in sedentary activities. An allowance for 
the attrition of two participants (10%) was made. The reliability (internal 
consistency) of each TAM questionnaire items was investigated with Cronbach’s 
alpha. Values above α ≥ 0.7 are often considered acceptable.  
 
6.5 Results 
Table 6.1 presents the participant demographics. Twelve (66.7%) participants were 
office workers, while six (33.3%) were full-time students. Participants as determined 
by the personal activity monitor at baseline were observed to be both high in 
sedentary time (9.4 ± 1.1 hours/day) and achieved the recommended daily levels of 
moderate- (0.75 ± 0.2 hour/day) and vigorous-intensity physical activity (0.44 ± 0.2 
hour/day) (Haskell, et al., 2007). Participants wore the personal activity monitor for 
an average 16.4 ± 0.20 hours/day. 
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Table  6.1: Demographics of the study population 
  
 Total (n=18) Male (n=12) Female (n=6) 
Age (years) 29.0 ± 4.4  28.7 ± 4.9  29.5 ± 3.5 
Height (cm) 171.9 ± 9.8  174.1 ± 10.8 167.6 ± 6.1 
Weight (Kg) 78.3 ± 20.6  84.6 ± 20.7  65.6 ± 14.5 
BMI (kg/m
2
) 27.0 ± 6.5  28.0 ± 7.6  24.9 ± 2.5  
Values are means ± 1 SD 
 
6.5.1 Efficacy of the Intervention  
Analysis of the amount of time spent in sedentary activities revealed a significant 
decrease over the intervention period, compared to the baseline (F (2.9, 48.7) = 44.53 
(p < 0.001), partial η2 = .724 (Figure 6.1). A significant decrease of 33% (3.1 
hours/day) was found between the amount of time spent in daily sedentary activities 
measured at the baseline (9.4 ± 1.1 hours/day) and at the end of the 4-week 
intervention (6.3± 0.8 hours/day, p < 0.01) with a large effect size (η2 = 0.683). 
Figure 6.1 also illustrates that significant increases were found in the amount of time 
spent on light-intensity physical activity from the baseline (5.8 ± 1.3 hours/day) and 
at the end of the 4-week intervention (8.4 ± 1.0 hours/day, F (2.7, 44.9) = 29.29, p < 
0.001), partial η2 = .633. A daily average increase of approximately 45% (2.6 
hours/day) in light intensity physical activity with a large effect size (η2 = 0.394) was 
found. 
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Figure  6.1: Decrease in time spent in sedentary and increase in time in light intensity physical activity 
from baseline to week 4.*(p < 0.001). 
 
A significant increase of 33% (0.25 hour/day) with a medium effect size (η2 = 0.059) 
was found in the amount of time spent on daily moderate-intensity physical activity 
from the baseline (0.75 ± 0.2 h·d
-1
) to the end of the 4-week intervention (1.0 ± 0.3 
hour/day, F (4, 68) = 6.19, p < 0.001), partial η2 = .267. Additionally, there was a 
statistically significant increase in the amount of time spent on vigorous-intensity 
physical activity from the baseline (0.44 ± 0.2 hour/day) to the end of the 4-week 
intervention (0.61 ± 0.3 hour/day, F (4, 68) = 2.8, p < 0.05), partial η2 = .140 (Figure 
6.2). An average daily increase of approximately 38% (0.16 hour/day) in vigorous-
intensity physical activity with a small effect size (η2 = 0.023) was found. For energy 
expenditure, a statistically significant increase from the baseline to the end of the 4-
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week intervention, F (4, 68) = 21.52 (p < 0.001), partial η2 = .559, was observed. A 
significant daily increase above the RMR of 47% (216.7 kcal/day) was found 
between the baseline (456.6 ± 176.2 kcal/day) and the end of the 4-week intervention 
(672.3 ± 274.3 kcal/day) with a medium effect size (η2 = 0.091). 
 
Figure  6.2: Increased time in moderate and vigorous intensity physical activity from baseline to week 
4.**(p < 0.001),*( p < 0.05). 
6.5.2 Self-report Outcome  
7-day SLIPA Log 
A statistically significant decrease from the mean baseline amount of time spent in 
sedentary activities to the amount of time spent on these activities at the end of the 4-
week intervention was observed across the domains of work (5.2 ± 1 hours/day, 4.6 ± 
1 hours/day,
 
t (17) = 3.5, p < 0.001), with a moderate effect size (d = 0.59); 
transportation (0.79 ± 0.4 hours/day, 0.42 ± 0.2 hours/day
 
t (17) = 3.9, p < 0.001), 
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with a large effect size (d = 1.08); and leisure time (5.0 ± 0.9 hours/day, 3.6 ± 0.9 
hours/day,
 
t (17) = 5.9, p < 0.001) with a large effect size (d = 1.63). 
Significant increases were found in the amount of time spent on light-intensity 
physical activity from the baseline to the end of the 4-week intervention across the 
domains of work (1.2 ± 0.7 hour/day, 2.1 ± 1 hours/day, t (17) = -4.7, p < 0.001), 
with a large effect size (d = 0.98); transportation (0.20 ± 0.1 hours/day, 0.42 ± 0.1 
hours/day
 
t (17) = -11.8,  p < 0.001), with a large effect size (d = 1.80); and leisure 
time (0.9 ± 0.7 hour/day, 2.1 ± 1 hours/day,
 
t (17) = -5.1, p < 0.001) with a large 
effect size (d = 1.49). There were no significant differences between the baseline and 
the end of the 4-week intervention for sedentary activities and light-intensity physical 
activity on household activities [(0.46 ± 0.2 hours/day, 0.41 ± 1 hours/day,
 
t (17) = 
1.2, p = 0.215) and (2.1 ± 2 hours/day, 2.5 ± 2 hours/day,
 
t (17) = -1.6, p = 0.116) 
respectively] (Figure 6.3).  
 
Figure  6.3: Time differences (Hours/day) spent in sedentary and light-intensity physical activity 
across four daily life domains: work, transportation, household activities, and leisure time (based on 
the 7-day SLIPA Log).* (p <0.01) 
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6.5.3 Technology Acceptance Model (Intervention participants) 
Table 6.2 shows the mean scores for the 12 perceived usefulness and usability items 
of the online personal activity monitor acceptance questionnaire participants 
completed at the end of the 4-week intervention. The Cronbach’s alpha values were 
acceptable (.743 and .760) for the usefulness and the usability scale, respectively. 
More than 95% of respondents reported either agreeing or strongly agreeing with the 
usefulness items, and 90% with the usability items, which resulted in a high mean 
overall score for usefulness (6.6 ± 0.5) and usability (6.2 ± 0.8). 
 
 
 
6.5.4 Predicted future use (Intervention participants) 
The percentage of the four predicted future use items of the online personal activity 
monitor is shown in Table 6.2. More than 77.8% of respondents reported they would 
definitely be willing to use an online monitor in the future. If they owned a monitor, 
88.9% would definitely be willing to use it in the future, while 55.5% intended to 
purchase an online monitor in the future. Finally, 90% of respondents reported that 
they were definitely interested in using assistive technology to reduce their sedentary 
behaviour in the future. 
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Table  6.2: Outcomes of the usefulness and usability items of the online personal activity monitor 
acceptance, rated on a scale from 1 (strongly disagree) to 7 (strongly agree) (n =18). 
Questionnaire item Rating, 
mean (SD)  
Agree or 
strongly agree, 
n (%)  
Perceived Usefulness 
1- Using online monitor enables me to reduce my sedentary 
time. 
6.6± .6 94% (n=16) 
2- Using online monitor gives me helpful information about 
my daily physical activity levels. 
6.7±.4 100% (n=18) 
3- Using online monitor gives me feedback about my 
ongoing progress. 
6.5±.7 88% (n=16) 
4- Using online monitor gives me a clear goal to work to 
words. 
6.6±.6 94% (n=17) 
5- Using online monitor gives me clear signals to prompt 
me to reduce my sedentary time. 
6.6±.5 100%(n=18) 
6- Overall, I find online monitor useful. 
Scale average of perceived usefulness  
6.7±.5 
6.6 ±.5 
95%(n=17) 
95% 
Perceived Ease of Use   
1-I find online monitor difficult to use. † 1.3±.6 0% (n=18) 
2- My interaction with online monitor is clear and 
understandable. 
6.3±.6 89% (n=16) 
3- It is easy to remember how to perform tasks using online 
monitor.  
6.2±1.0 88% (n=16) 
4- Using online monitor requires a lot of mental effort. † 1.2±.4 0%(n=18) 
5- I find it takes a lot of effort to become skilful at using 
online monitor. †  
1.6±.7 0%(n=18) 
6- Overall, I find online monitor easy to use. 6.2±.9 95% (n=17) 
Scale average of perceived ease of use   6.2± 0.8 90% 
Future to use  Definitely use 
(%) 
1- How willing would you be to use online monitor in the future? 77.8% 
2- If you owned an online monitor, how willing would you be to use it in 
the future? 
88.9% 
3- Do you intend to purchases an online monitor in the future? 55.5% 
4- Has this experience increased your interest in the future to use assistive 
technology to reduce your sedentary behavior? 
90% 
     † Reverse scored items 
 
6.6 Discussion 
The current study provides experimental evidence that decreasing the amount of time 
spent daily in sedentary activities among sedentary adults during free-living activities 
is feasible. An increasing body of evidence suggests that multi-component 
interventions appear to be more effective for changing behaviour than single-
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component efforts (Jepson, Harris, Platt, & Tannahill, 2010; Kahn et al., 2002a). This 
study involved a multi-dimensional behavioural intervention using an online personal 
activity monitor with a built-in vibrating function that signalled to participants when 
they had been sedentary for longer than the threshold. This reminder to stand up and 
move around provided a helpful prompt for behaviour change. The online software 
enabled participants to visualize their daily activity patterns with simple 24 hours/day 
graphs and charts to self-monitor physical activity levels and energy expenditure and 
to achieve the set goals. Consequently, a significant reduction in the amount of time 
spent in sedentary activities was observed.   
  
Currently, there are few intervention studies dedicated to reducing sedentary 
behaviour that use objective methods for quantifying the changes induced. To some 
extent, the results from this study are consistent with previous research, although 
differences exist regarding sample demographics, intervention objectives, and 
measurement instruments. Alkhajah et al. (Alkhajah, et al., 2012) examined Sit–
Stand Workstations to reduce office workers’ sitting time and found that participants 
using the intervention reduced sitting time during an 8-h work day by approximately 
28% (2.3 hours/day) at week 1 and 26% (2 hours/day) at the 3-month follow-up. 
They also found that participants reduced sitting time during awake hours (based on 
a 16- hours/day) by 7% (1.1 hour/day) at week 1 and 8% (1.3 hour/day) at the 3-
month follow-up. In another study, researchers working with overweight and obese 
office workers, examined the feasibility of reducing the free-living amount of time 
spent in sedentary activities by using targeted messages to replace time spent in 
sedentary activities with standing and light-intensive activity (Kozey-Keadle, 
Libertine, Staudenmayer, & Freedson, 2011b). Time spent in sedentary activities was 
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measured using wearable monitors and self-reporting tools. The findings showed that 
participants reduced the amount of time they spent in sedentary activities by 
approximately 5% (48 min/day) over a 16-hours waking day (Kozey-Keadle, et al., 
2011b). Although reducing the amount of time spent in sedentary activities is 
commendable, a major deviation between our results and these results is the much 
larger decrease (i.e., 33% or 3.1 hours/day) in the amount of time spent in sedentary 
activities during waking hours as well as the noted increases observed in the physical 
activity levels. To the best of our knowledge, our study is the first to illustrate a 
significant decrease in the amount of time spent in sedentary activities by using a 
pre-post design intervention among sedentary adults during free-living activities. 
 
Participants replaced the time spent in sedentary activities by significantly increasing 
light and moderate physical activity. This also led to increased energy expenditure 
during the intervention period. This finding provides support for the hypothesis that 
increases in activities of daily life, such as walking, may accumulate kilocalories 
spent leading to an increase in total daily energy expenditure (Levin & David, 1999; 
Levine, 2007a). Unexpectedly, our investigation found a small but significant 
increase in time spent on vigorous physical activity between baseline and at the end 
of the 4-week intervention at p < 0.5. The small effect of the intervention on 
vigorous-intensity physical activity in this sedentary adult sample is surprising given 
that the personal activity monitor was developed to promote daily NEAT activities, 
which are composed mainly of energy expenditures related to daily physical activity 
of light-to-moderate intensity and include the energy expended during daily activities 
(Levine, 2004)  
 
  135 
In the current study, while the overall amount of time spent in sedentary activities 
decreased and light-intensity physical activity increased it is important to consider 
pre-post changes that occurred across the different life domains (work, 
transportation, household activities, and leisure time) as these are likely to differ in 
terms of control over behavioral change (Barwais, et al., In Press; Healy et al., 
2011c). Given the well-known difficulties associated with behavior change, the 
success associated with the use of self-monitoring provided by the monitor during 
the intervention period was encouraging. On average, the participants reduced the 
amount of time they spent in sedentary activities (see Figure 6.3) and increased the 
time they spent on light physical activity between baseline and the end of the 4-week 
intervention (based on the 7-day SLIPA Log) within three different domains (work, 
transportation, and leisure time). 
Large effect sizes were associated with a reduction in the amount of time spent in 
sedentary activities and increased light-intensity physical activities within the leisure 
time domain. One possible explanation for this result may be due to the questions 
found within the 7-day SLIPA Log for the leisure time domain. These questions 
primarily reference activities that generally occur in mid- to late evening (from 
dinner until bedtime).  Interestingly, the mid-evening period is an important time for 
attaining energy expenditure goals. This is the period when the daily activity halo bar 
color goal frequently lay between the orange and blue LED for most of the 
participants.  In an attempt to achieve their daily monitor Green Goal during this 
mid-evening leisure time, many participants appear to replace the time they spent in 
sedentary activities (i.e., sitting watching TV) with standing or walking (perhaps 
while still watching TV). These results are in line with previous research, which 
illustrates that leisure time is the most frequent domain for interventions that focused 
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on reducing the amount of time spent in sedentary activities and increasing physical 
activity levels (Baker et al., 2008; Spittaels, De Bourdeaudhuij, Brug, & 
Vandelanotte, 2007).  
The present study adds to the knowledge base by showing that the participants 
believe the online personal activity monitor has a high level of perceived usability 
and perceived ease of use. Based on the TAM, the majority of intervention 
participants either agreed or strongly agreed that the online personal activity monitor 
was useful (95%) and easy to use (90%). Additionally, the participants predicted that 
future users would readily accept such an online personal activity monitor. These 
results highlight the potentially positive impact of technology in reducing sedentary 
time. Nonetheless, in understanding all aspects of the physical activity monitor, it is 
important to consider that there is frequently a large degree of variation between the 
expertise of the designer and the user. Designers, for example, frequently become 
experts with the device they are designing; users, in comparison, are experts with the 
task that the device is attempting to perform (Norman, 2002).  
  
6.6.1 Limitations and Strengths 
This research has limitations. Comparisons were made between reductions in the 
amount of time spent in sedentary activities between office workers and student 
participants. In addition, the age range of the participants covered only older 
populations. Future studies should include a larger sample size with an extensive age 
range and should examine the health benefits of decreases in the amount of time 
spent in sedentary activities in a longitudinal study. The strengths of this study 
include demonstration of the usefulness of the online personal activity monitor to 
inspire a reduction in sedentary behavior among sedentary adults during free-living 
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activities. Participants were asked to charge the monitor battery during sleep. 
However, the monitor battery required repeated charging every 2–3 day, and a full 
charge normally took between 2 and 4 hours. Consequently, if the participants were 
to charge the battery during waking time, this event may lead to an additional 2–4 
hours in the the amount of time spent in sedentary activities being recorded. As part 
of the inclusion criteria, the participants’ sedentary behavior was determined via the 
self-report. In addition, combined self-reporting of measurements and objective 
measures were used to identify sedentary behavior across all daily life domains. This 
study indicated that the monitor was perceived as easy to use and the participants 
predicted that future participants would report ready acceptance of the online 
personal activity monitor. 
6.7 Conclusion 
This lifestyle study involving sedentary adults suggests that, when engaging with the 
online personal activity monitor, individuals decreased (33%) the amount of time 
they spent in sedentary activities. Such a large reduction in the amount of time spent 
in sedentary activities has not been previously published. Additionally, participants 
increased their daily light- and moderate-intensity physical activity and energy 
expenditure. These results may be considered a step toward development of a 
meaningfully positive active lifestyle. In addition, the leisure time activity was the 
most likely domain in which the participants reduced the amount of time spent in 
sedentary activities and increased physical activity levels.   
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Chapter 7:  Physical Activity, Sedentary Behaviour and Total 
Wellness changes among Sedentary Adults: A 4-week 
Randomized Controlled Trial 
7.1 Notes 
This paper is reproduced from:  Barwais, F.A., Cuddihy T.F, & L. Michaud 
Tomson. (2013). Use of an online personal physical activity monitor to change 
physical activity and sedentary behaviour and resultant effects on total wellness 
among sedentary adults: A 4-week randomized controlled trial. Health and Quality 
of Life Outcomes, 11(1):183.  
As indicated in (CHAPTER 1; Figure 1.1), this paper is consistent with the third aim 
of this thesis which was to provide empirical evidence that using an online personal 
activity monitor to reduce sedentary time and increase physical activity levels may 
be associated with increased total wellness scores among sedentary adults. 
 The candidate is first author on this paper and was responsible for all aspects of 
manuscript preparation, including reviewing the literature, study concept and design, 
data collection, analysing, interpreting the research findings, and writing the 
manuscript. The second, author is a member of the candidate’s supervisory team, and 
their contribution to the paper has been supervisory in nature.  
 
This paper has been published for publication to a peer reviewed international 
journal. The 2010 Impact Factor for the journal is 2.27 as listed from the Social 
Sciences Citation Index. 
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7.1 Abstract  
Background: The construct of total wellness includes a holistic approach to the 
body, mind and spirit components of life. While the health benefits of reducing 
sedentary behaviour and increasing physical activity are well documented, little is 
known about the influence on total wellness of an internet-based physical activity 
monitor designed to help people to achieve higher physical activity levels.  
Purpose: The purpose of this four-week, personal activity monitor-based 
intervention program was to reduce sedentary behaviour and increase physical 
activity levels in daily living for sedentary adults and to determine if these changes 
would also be associated with improvement in total wellness. Methods: Twenty-two 
men and 11 women (27 years ± 4.0) were randomly assigned to either an intervention 
(n=18) or control group (n=15). The intervention group interacted with an online 
personal activity monitor (Gruve Solution™) designed to reduce sedentary time and 
increase physical activity during activities of daily living. The control group did not 
interact with the monitor, as they were asked to follow their normal daily physical 
activities and sedentary behaviour routines. The Wellness Evaluation of Lifestyle 
(WEL) inventory was used to assess total wellness. Sedentary time, light, walking, 
moderate and vigorous intensity physical activities were assessed for both 
intervention and control groups at baseline and at week-4 by the 7-day Sedentary and 
Light Intensity Physical Activity Log (7-day SLIPA Log) and the International 
Physical Activity Questionnaire (IPAQ). Results: Significant increases in pre-post 
total wellness scores (from 64%±5.7 to 75%±8.5) (t (17) = -6.5, p < 0.001) were 
observed in the intervention group by the end of week four. Intervention participants 
decreased their sedentary time (21%, 2.3 hours/day) and increased their light (36.7%, 
2.5 hours/day), walking (65%, 1057 MET-min/week), moderate (67%, 455 MET-
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min/week) and vigorous intensity (60%, 442 MET-min/week) physical activity (all p 
< 0.001). No significant differences for total wellness were observed between the 
groups at baseline and no pre-post significant differences were observed for any 
outcome variable in the control group. Conclusion: Total wellness is improved when 
sedentary, but sufficiently physically active adults, reduce sedentary time and 
increase physical activity levels (i.e. light, waking, moderate and vigorous).  
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7.2 Introduction 
In many parts of the world, lifestyles have become increasingly sedentary in the 
home, at work and during leisure time, particularly given the increasing popularity of 
computer usage, video game playing and television viewing (Matthews, et al., 2008). 
In general, sedentary behaviour and light-intensity physical activity behaviours have 
become increasingly common in adults. There is substantial evidence showing that 
adults spend most of their waking hours either in sedentary or in light-intensity 
physical activities(Norton, et al., 2010). 
 
An increasing body of evidence suggests that sedentary behaviours are associated 
with poor health outcomes. Sedentary time, independent of the time spent in 
moderate to vigorous intensity physical activity, is associated with health risks 
including type 2 diabetes (Grøntved & Hu, 2011a), cardiovascular disease (Grøntved 
& Hu, 2011a; Wijndaele, et al., 2011), metabolic syndrome (Bankoski, et al., 2011), 
weight gain (Mozaffarian, et al., 2011; Sugiyama, et al., 2013) and obesity (Banks, et 
al., 2011; Duncan, et al., 2012). Consequently, increased attention is being paid to 
the development of intervention methods that focus on reducing sedentary time and 
increasing physical activity levels for the purpose of improving overall health (Freak-
Poli, Wolfe, Backholer, De Courten, & Peeters, 2011; Kim et al., 2012). Little is 
currently known about the effect of such interventions on total wellness, a concept 
which encompasses much more than physical health. Wellness has been described as, 
“a way of life oriented toward optimal health and wellbeing, in which body, mind 
and spirit are integrated by the individual to live life more fully within the human and 
natural community. Ideally, it is the optimum state of health and well-being that each 
individual is capable of achieving.” (Myers, et al., 2000a). In other words, wellness is 
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a term that encompasses an individual’s outlook on life, including their perceptions 
of personal physical activity, happiness, learning, society, work and spirituality 
(Corbin, et al., 2013). Wellness involves interaction among six or more dimensions 
(e.g., physical, occupational, social, spiritual, intellectual and emotional) that are 
enmeshed, related and, when balanced properly, provide the individual with optimal 
health or “high-level wellness” (Greenberg, 1985; Hettler, 1980).  Because all 
wellness dimensions are interrelated, a change in one area causes or contributes to 
changes in other areas, which subsequently influence total wellness scores (Myers & 
Sweeney, 2005). To some researchers in public health, the physical dimension 
represents a person’s ability to function effectively in meeting the demands of the 
day's work and to use free time effectively; this includes participation in regular 
appropriate physical activity (Haskell, et al., 2007) and possession of useful motor 
skills (Corbin, et al., 2013). Given that significant numbers of adults continue to be 
sedentary, it may prove beneficial to determine if an intervention designed to reduce 
sedentary behaviour and increase physical activity can influence total wellness 
scores. This may enable public health advocates to formulate broader messages about 
the benefits of reductions in sedentary behaviours and increases in light and/or 
moderate to vigorous physical activity. The purpose of the current study, therefore, 
was to evaluate participation in a four-week, online, personal activity monitor-based 
intervention for sedentary but sufficiently active adults. The intervention was 
intended to reduce sedentary behaviour and increase physical activity in daily living 
activities, and this study sought to determine whether such changes were associated 
with improvement in total wellness. 
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7.3 Methods 
7.3.1 Design Overview 
This study used a pre–post randomized control trial (RCT). At baseline, a computer 
random number generator was employed to allocate participants into either an 
intervention (n=18) or control (n=15) group. The intervention group engaged with 
the personal activity monitor during the four-week program. The control group did 
not interact with the monitor and were asked to follow their normal, daily lifestyle 
patterns. Written informed consent was obtained from all participants and the study 
was approved by the Human Research Ethics Committee of Queensland University 
of Technology. Participation was completely voluntary and participants were 
informed that they could withdraw at any time during the intervention. 
7.3.2 Participants  
Thirty-three adults (22 men, 11 women; mean age 27 yrs. ± 4 yrs.) were recruited to 
participate in the study through advertisements in local newsletters, flyers and emails 
at a metropolitan university in Brisbane, Australia, during October/November 2012. 
Pre-screening using a self-report questionnaire was used to determine eligibility in 
relation to sedentary behaviour. Only those who reported a high total sitting time, 
defined as spending > 7 hours per day, were invited to participate in the study 
(Rosenberg, et al., 2008; Tremblay, et al., 2010).  The sample size for this study was 
set at a minimum of 32 by using G*Power V.1.1.3 software set for F-test analysis of 
variance (ANOVA). Power was calculated at 0.8, Alpha level was set at p <.05 and 
an effect size was set at 0.5 for the two groups (intervention and control).  
7.3.3 Intervention (online personal activity monitor) Group  
Participants in the intervention group interacted with an online personal activity 
monitor (Gruve Solution™ MUVE, Inc., USA). The device was designed to motivate 
a reduction in sedentary behaviour and increase physical activity in the activities of 
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daily living. The Gruve Solution is an activity-based wellness approach built around 
the concept of non-exercise activity thermogenesis (NEAT) (MUVE-Gruve-
Technologies™, 2009). NEAT is comprised of low energy expenditure during daily 
activities such as standing, walking, sitting and fidgeting, all of which are activities 
that are not considered planned physical activity in a person’s daily life (Levine, et 
al., 2005). Changing one’s postural position from seated to standing or engaging in 
light ambulation has been shown to significantly increase energy expenditure 
(Levine, et al., 2005). The monitor is a tri-axial accelerometer system that tracks time 
spent on daily sedentary, light-, moderate-, and vigorous-intensity physical activity 
via a wearable device and an accompanying online service.  It monitors a 
participant’s daily physical activity at 20 Hz and stores the minute data on the device 
for later uploading to the interactive online software through a Universal Serial Bus 
(USB) port. These data subsequently provide the user with an easy-to-understand 
visualization of daily activity patterns. Goal-setting features are activated alongside 
simple graphs and charts to enhance the self-monitoring of energy expenditure. An 
indicator (a halo bar) on top of the device also highlights the user’s progress towards 
their daily goal. When palpated throughout the day, the indicator bar provides a 
Light-Emitting Diode (LED) colour corresponding to the user’s progress towards 
their daily activity goal. For example, at the beginning of the day the light bar is red 
but, as the day progresses, if the user has been sufficiently active, then the colour 
progresses to yellow to orange to blue and, finally, to green. The green light indicates 
that the daily activity goal has been achieved. Research has shown that the Gruve 
monitor is accurate both when measuring energy expenditure at seven velocities in 
the laboratory and during activities of daily living  (Manohar, et al., 2010; Manohar, 
et al., 2012). In one recent study, the Gruve Solution™ was one of three devices used 
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by the STAND project (Sedentary Time and Diabetes, 2011) to reduce sedentary 
behaviour in younger adults (Wilmot, et al., 2011). The research team involved in the 
study suggested that the Gruve was the most appropriate self-monitoring device for 
reducing sedentary time. 
During this study’s four-week program, participants in the intervention group wore 
the monitor on a daily basis, both on weekdays and weekends during activities daily 
of living (except when sleeping, bathing or swimming). To increase their motivation, 
participants were encouraged to achieve their daily monitor goals as recommended 
by Gruve Solution™ guidelines (MUVE-Gruve-Technologies™, 2009) and view 
their daily online homepages. Weekly motivational emails from the online system 
were sent to participants when they achieved their goals. The emails were designed 
to encourage the participants to continue to be more active than their habitual 
physical activity level as determined during the baseline week. 
  
7.3.4 Outcome Measures 
7.3.4.1 Sedentary and Light Intensity Physical Activity  
Participants were assessed at baseline and at the end of the 4-week involvement.  
Daily sedentary and light intensity physical activities for both intervention and 
control groups were measured using the 7-day Sedentary and Light Intensity Physical 
Activity Log (7-day SLIPA Log) (Barwais, et al., In Press). The 7-day SLIPA Log is 
a 23-item instrument that collects information about sedentary behaviour and light 
intensity physical activity across typical daily life situations. The validity of the 7-
day SLIPA Log was validated against an ActiGraph GT3X accelerometer for seven 
consecutive days with a cut-point for sedentary time defined as <100 counts per 
minute (cpm) and light-intensity physical activities as 100-1951 cpm. The correlation 
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between the 7-day SLIPA Log and the GT3X was r =0.86, p < 0.001 for sedentary 
time and r =0.80, p < 0.001 for light intensity physical activity which was found to 
be acceptable (Barwais, et al., In Press).  
Participants in both the intervention and control groups of the instant study were 
asked to complete the 7-day SLIPA Log on a daily basis by indicating how many 
hours and minutes they spent in sedentary behaviour and light-intensity physical 
activity on each of four, ‘daily life’ behavioural domains during the previous day 
(12:00 a.m. to 11:59 p.m.).  
7.3.4.2 Walking, Moderate and vigorous physical activity 
In order to assess the participants’ physical activity levels at baseline and post-
intervention (end of the 4
th
 week), the short version of the International Physical 
Activity Questionnaire (IPAQ) was used. The IPAQ has been shown to be reliable 
and valid in a study involving 12 countries (Craig, et al., 2003). It assesses physical 
activity levels by asking participants to answer questions regarding the frequency 
(days per week), duration (in hours and minutes) and level of intensity (walking, 
moderate and vigorous) of physical activity during the previous seven days. The 
IPAQ is scored by using the Metabolic Equivalent of Task (MET) method, in which 
different activities and levels of intensity are assigned different MET estimates. In 
this study, total MET-minutes per week were calculated separately for walking, 
moderate and vigorous intensity activities (Haskell, et al., 2007).  
7.3.4.3 Wellness Evaluation of Lifestyle (WEL) Inventory 
Wellness was measured using the online version of the WEL inventory, which was 
developed for institutions to simplify the collection and evaluation of data (Myers, 
Sweeney, & Witmer, 2004a). Derived from the Wheel of Wellness theoretical model, 
the WEL was developed as a method for describing wellness behaviours that 
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encompass factors related to the participants’  body, mind, and spirit (Myers, et al., 
2000a). The Wheel model includes five major life tasks, which are supported by 
empirical data and posit important characteristics of that are considered to be central 
to an individual’s healthy functioning (Myers, et al., 2004a).  These life tasks include 
spirituality, work and leisure, friendship, love, and self-regulation. The life task of 
self-regulation (viewed as functioning much like the spokes in a wheel to give 
strength to the wheel as a whole) includes twelve additional components: (1) sense of 
worth, (2) sense of control, (3) realistic beliefs, (4) emotional awareness and coping, 
(5) intellectual stimulation, problem solving and creativity, (6) sense of humor, (7) 
exercise/physical activity, (8) nutrition, (9) self-care, (10) stress management, (11) 
gender identity, and (12) cultural identity (Myers, et al., 2004a). The WEL consists 
of 103 items represented as self-statements to which respondents reply using a five-
point Likert- scale with the following options: (a) strongly agree, (b) agree, (c) 
undecided or neutral, (d) disagree and (e) strongly disagree. A score is computed by 
summing the 103 items and producing a total score (range = 103 to 515). For ease of 
interpretation, the total score is divided by the total points possible (515) to yield a 
percentage value. The WEL has been shown to demonstrate construct validity and 
reliability in previous research (Myers, et al., 2000b; Witmer, et al., 1993) and has 
been used to assess wellness among adults (LaFountaine, et al., 2006). 
Participants in both intervention and control groups of this study were asked to 
complete the WEL at baseline and the end of the 4-weeks.  Total wellness was 
determined by calculating a total percentage of the sum of the five life tasks of 
spirituality, work and leisure, friendship, love, and self-regulation.  
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7.4 Statistical analyses  
Data were analysed in 2013 using SPSS statistical software version 21.0 for 
Windows (SPSS Inc., Chicago, IL). Descriptive data were expressed as means and 
SDs (95% confidence intervals). Paired sample t-tests were conducted to compare 
intervention and control groups at baseline and at the end of the 4-week involvement 
on outcome measures of the 7-day SLIPA Log and IPAQ scores.  
 
To determine whether changes in total wellness differed for the intervention group 
and control group, MANOVA was used to analyse the effect of Treatment 
(intervention vs. control group), Time (baseline vs. the end of the 4-week 
intervention) and Group by Time (interaction). A follow-up univariate analysis was 
conducted to identify group differences. Paired sample t-tests were calculated to 
evaluate within-group changes. Effect sizes for mean differences were expressed as 
Cohen’s d (difference in means divided by the standard deviation of the difference) 
and interpreted as small, moderate, or large based on values of 0.2, 0.5, and 0.8, 
respectively (Cohen, 1988). 
7.5 Results 
The study sample (N= 33) averaged 27 years of age, while 63% were office workers 
and 37% were full-time students. Participants had both high total sitting time (9.0 ± 
.9 hours/day 
 
sitting) and sufficient physical activity (≥ 600 MET-min/week) as 
determined by a self-report questionnaire (IPAQ). At baseline, there were no 
significant differences found either within or between the intervention and control 
group on any of the demographics or variables of interest. Table 7.1. 
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Table  7.1: Demographics of the study population 
      Intervention Group  Control Group 
 Total 
(n=18) 
Male  
(n=12) 
Female 
 (n=6) 
Total 
(n=15) 
Male  
(n=10) 
Female 
(n=5) 
Age (years) 29.0 ± 4  28.7 ± 4 29.5 ± 3 26.4 ± 3 26.1 ± 2 27.2 ± 3  
Height (cm) 171.9 ± 9 174.1 ± 10 167.6 ± 6 170.4 ± 8  173.8 ± 6 163.8 ± 6 
Weight (Kg) 78.3 ± 20 84.6 ± 20 65.6 ± 14 77.7 ± 24  83.2 ± 28 66.8 ± 6  
 
Differences between the intervention and control group at baseline and at the end of 
the 4-week intervention in time spent on sedentary activity and light intensity 
physical activity, walking, moderate and vigorous intensity physical activity are 
illustrated in Table 7.2. Paired-sample t-tests indicated a significant decrease in 
sedentary time from baseline to the end of the 4-weeks for the intervention group. 
Initially, sedentary time was 10.9 ± 1.9 hours/day; after the intervention, it dropped 
to 8.6 ± 1.7 hours/day [t (17) = 7.7, p < 0.001]. In addition, the intervention group 
had a significant increase in time spent on light-intensity physical activity from 
baseline to the end of the 4-weeks. The change was from 4.3 ± 2.0 hours/day to 6.8 ± 
1.7 hours/day [t (17) = -7.0, p < 0.001]. For the control group, no significant 
differences were observed between pre (10.7 ± 2.5 hours/day) and post (11.2 ± 1.5 
hours/day) sedentary time [t (14) = -.60, p = 0.55)] or between pre (3.6 ± 1.9 
hours/day) and post (3.2 ± 1.7 hours/day) light intensity physical activity [t (14) = 
1.2, p = 0.24].  
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Paired-sample t-tests indicated a significant increase in IPAQ scores for the 
intervention group between baseline (568 ± 531.5 MET-min/week ) and at the end 
(1625 ± 553.8 MET-min/week) of the 4-week intervention for walking [t (17) = -7.1, 
p < 0.001].  IPAQ scores for moderate intensity physical activity also increased from 
pre (194 ± 225.3 MET-min/week) to post (649 ± 494.9 MET-min/week) 
measurement [t (17) = -4.3, p < 0.001].  This also occurred for vigorous intensity 
physical activity (pre = 291 ± 495.8 MET-min/week; post = 733 ± 829.3 MET-
min/week) [t (17) = -3.3, p < 0.001] (Table 7.2). No significant differences were 
observed for the control group between baseline and at the end of the 4-week 
intervention for walking (pre = 537 ± 299.0 MET-min/week; post = 483 ± 175.9 
MET-min/week) [t (14) = .71, p = 0.490], moderate intensity physical activity (pre = 
180 ± 207.5 MET-min/week; post = 192 ± 221.3 MET-min/week) [t (14) = -.13,  p 
=0.892] and vigorous intensity physical activity (pre = 173 ± 298.8 MET-min/week; 
post = 193 ± 291.2 MET-min/week) [t (14) = -.32,  p =0.749] (Table 7.2). 
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Table  7.2: Pre-post differences between intervention and control groups on the 7-day SLIPA Log and IPAQ scores. 
 
 Intervention Group  Control Group 
 Baseline Week 4 t p-value Cohen Baseline Week 4 t p-value 
         
Sedentary ǂ 10.9 ±1.9  8.6± 1.7 7.7 p < .01 d =1.30 10.7±2.5 11.2 ±1.5 -.60 p =0.55 
Light ǂ 4.3 ± 2.0 6.8± 1.7 -7.0 p < .01 d =2.06 3.6 ± 1.9 3.2 ± 1.7 1.2 p =0.24 
Walking † 568 ± 531.5 1625 ± 553.8 -7.2 p < .01 d =2.0 537 ± 299.0  483 ± 175.9  -.71 p =0.49 
Moderate 194 ± 225.3  649± 494.9 -4.3 p < .01 d =1.22 180 ± 207.5 192 ± 221.3 -.13 p =0.89 
Vigorous† 291 ± 495.8  733 ± 829.3 -3.3 p < .01 d =0.67 173 ± 298.8  193 ± 291.2  -.32 p =0.74 
                  ǂ 7-day SLIPA Log variable (hours/day) † IPAQ variable (MET-minutes/week).  
                   A Cohen d value of 0.8 or greater indicates a large effect size. 
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Comparison of total wellness percentage scores between the intervention and control 
group are shown in Figure 7.1. The ‘Time’ variable represents pre-post conditions 
(baseline vs. the end of the 4-week intervention) and the ‘Treatment’ variable 
represents either intervention or control group.  A repeated-measures MANOVA 
indicated a significant main effect for Time (Wilks' Lambda=.568), [F(1,31)= 23.5, 
p<.001, partial η2 = .432]; however, this main effect was qualified by a significant 
Time x Treatment interaction (Wilks' Lambda=.680), [F(1,31)= 14.6, p<.001, partial 
η2 = .320]. Univariate tests were conducted to examine this interaction in more detail 
and revealed a significant Time x Treatment effect on total wellness [F(1, 31) = 9.5, 
p < .001, partial η2 = .235].  
 
 
Figure  7.1: Total wellness percentage score increase from baseline to week 4.*(p < 0.001). 
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Paired-sample t-tests were employed to further investigate the significant interaction 
between intervention and control groups at baseline and the end of the 4-week 
intervention (Table 7.3). Large effect sizes may be observed in most of the life tasks 
and in many of the discrete scales. The exercise/physical activity scale displayed the 
largest effect size (d = 3.08) and was the major contributor to the life task of ‘self-
regulation’. Results indicated a significant increase in pre to post total wellness 
scores for the intervention group (pre = 64%±5.7; post = 75% ± 8.5), [t (17) = -6.5, p 
< 0.001]. No significant difference between pre-post total wellness scores were 
observed for the control group (pre = 63% ± 4.7; post = 64% ± 4.9), [t (17) = -.68, p 
= .50]. 
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Table  7.3: Pre-post differences between intervention and control groups on the Wellness Evaluation of Lifestyle (WEL). 
    Intervention Group Control Group 
  Variable Baseline Week-4    Baseline Week-4   
WEL Scale Mean% Mean% t p Cohen Mean% Mean% t p 
Sense of Worth 64 79 -3.9 p < .001 d =1.20 66 66 -.06 p =0.95 
Sense Control 73 84 -3.1 p < .001 d =0.62 66 70 -1.0 p =0.33 
Realistic Beliefs 61 65 -1.0 p = 0.32 d =0.34 51 55 -.99 p =0.33 
Emotional Responsiveness 65 86 -4.0 p < .01 d =1.66 64 68 -.75 p =0.46 
Intellectual Stimulation 71 78 -2.7 p < .05 d =0.81 68 72 -1.3 p =0.18 
Sense Humor 64 78 -2.4 p < .05 d =0.90 65 69 -.78 p =0.44 
Nutrition 66 85 -4.3 p < .001 d =1.25 60 56 .52 p =0.61 
Exercise/physical activity 58 97 -8.9 p < .001 d =3.08 54 53 .20 p =0.84 
Self Care 83 81 .55 p = 0.77 d =0.19 77 76 .47 p =0.64 
Stress Management 54 64 -2.1 p < .05 d =0.72 54 61 -1.2 p =0.23 
Gender Identity 70 73 -.79 p = 0.43 d =0.27 71 67 .79 p =0.44 
Cultural Identity 73 71 .44 p = 0.66 d =0.12 65 71 -1.3 p =0.19 
LIFE TASKS          
Total Self-Regulation†ǂ 66 78 -6.0 p < .001 d =1.58 63 65 -.88 p =0.39 
Spirituality† 50 56 -2.9 p < .001 d =0.62 56 59 -.77 p =0.44 
Work† 63 71 -2.9 p < .001 d =0.80 65 61 1.0 p =0.30 
Leisure† 53 71 -4.3 p < .001 d =1.22 57 61 -.90 p =0.38 
Friendship† 72 80 -2.4 p < .05 d =0.82 71 70 .19 p =0.85 
Love† 65 72 -2.4 p < .05 d =0.37 67 66 .23 p =0.81 
Total Wellness 64 75 -6.5 p < .001 d =1.25 63 64 -.68 p =0.50 
†Total wellness was determined by calculating the percentage scores from the life tasks, including spirituality, self-regulation, work and leisure, 
friendship, and love. ǂ Total Self-Regulation was determined by calculating the percentage scores from (Sense of Worth through Cultural Identity 
scales).  A Cohen d value of 0.8 or greater indicates a large effect size. 
  155 
7.6 Discussion 
The main findings of this study indicate that the intervention group (who used the 
online personal activity monitor) decreased sedentary time by 21.8% and increased 
walking, light-, moderate- and vigorous-intensity physical activity. The effect size 
(d=1.30) for this pre-post reduction of 2.4 hours in daily sedentary time may be 
considered large. Intervention group participants significantly increased light 
intensity activity by 36.7% or 2.5 hours/day); walking by 65%, or 1057 MET-
min/week) moderate intensity activity by 67%, or 455 MET-min/week; and vigorous 
intensity activity by 60%, or 442 MET-min/week. Effect sizes (see Table 2) for these 
changes ranged from large to medium (d=2.1, d=2.0, d=1.22 and d=0.67, 
respectively). Several studies have shown that replacing sedentary time with equal 
amounts of light-, moderate- and vigorous-intensity physical activity is associated 
with better physical health and improved overall health benefits such as reducing risk 
of type 2 diabetes (Gill & Cooper, 2008), cardiovascular disease and premature 
mortality (Buman et al., 2010; Dunstan, et al., 2012). Moreover, participants from 
healthy populations who engaged in higher physical activity levels generally report a 
better of quality of life (Rejeski, et al., 1996). Our investigation also found a 
significant pre-post difference for the intervention group in time spent on light-
intensity physical activity. The large effect size (2.06) for this pre-post difference in  
the intervention group is not surprising given that the Gruve monitor was developed 
to promote daily NEAT activities, which are composed mainly of energy 
expenditures related to daily physical activity of light-to-moderate intensity (Levine, 
2004). 
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A unique finding of this study is that there was a significant increase in total wellness 
scores for the intervention group but not for the control group. Myers and Sweeney 
(2005) propose that all wellness dimensions are interrelated and a change in one area 
causes or contributes to changes to other areas, which influences total wellness 
scores.  The results of this research provide further support for the notion that 
wellness has several dimensions, including the physical dimension. A novel aspect of 
this intervention was that it provided both instant and online feedback to the 
participants, in the physical dimension.  This feedback was visually informative (i.e. 
it provided a figure which summarized the previous 24 hours of activity as light, 
moderate and vigorous physical activity as well as sedentary time.  Each of these 
components was displayed as a different colour.  Consequently, the overall result in 
the physical experience appears to be a beneficial one.  The personalized website 
may have been an important component also in the significant difference observed 
(and large effect size) on the physical responsiveness scale.  Meaningful changes pre-
post scores, on many scales and three of five life tasks (see Table 7.3) were noted for 
the intervention group but not for the controls. This difference may be especially 
observed in the Self-Regulation life task (1.58).  Myers, Witmer and Sweeney 
(2004a) noted that this life task is critical to the dynamic interaction between an 
individual’s various life contexts. The pre-post improvement in total wellness scores 
for the intervention group are in line with previous research that found higher 
volumes of physical activity and leisure time activity were associated with higher 
perceived physical and psychological wellness scores and participants with higher 
volumes of physical activity had greater overall perceived wellness scores (Bezner, 
et al., 1999). 
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The present study adds to the knowledge base in this area of research by showing 
that an intervention program aimed at decreasing sedentary behaviours and 
increasing physical activity levels for sedentary but sufficiently physically active 
adults may be not only associated with beneficial health outcomes (Dunstan, et al., 
2012), but also an increase in total wellness scores. In this sense, reducing sedentary 
behaviours and/or engaging in light-, moderate- or vigorous-intensity physical 
activity may be a valuable approach to improving total wellness. 
 
The present study was one of the first trials to assess the efficacy of using an online 
personal activity monitor to reduce sedentary behaviour, increase physical activity 
levels and improve total wellness. As a part of the inclusion criteria for this study, 
behaviour status for all participants was determined as sedentary via the IPAQ. One 
limitation of this study is the relatively small sample size, which consisted of office 
workers or university students. In addition, the data on sedentary behaviour and 
physical activity were collected using a self-report, thus recall bias may exist. What 
is currently unknown, however, is the effect of the feedback from the online physical 
activity monitor on total wellness scores.  Does it have a direct positive effect on 
total wellness or is it a psychological facilitator of enhanced physical activity and 
reduced sedentariness, which then leads to an increase in total wellness scores? 
Additional research is needed to explore potential wellness benefits of longer-term 
reductions (e.g. several months) in measured sedentary time. Further studies should 
include larger sample sizes with more representative age ranges.  
 
Informed strategies for public health and wellness specialists may also be identified 
when more in-depth analyses of the information in the WEL data are attempted. A 
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more complete picture of both individual strengths and opportunities may become 
evident when examined alongside a measure of the five “life tasks” and “subtasks”. 
These data, potentially available within the Wheel of Wellness output and the 
subdivision of sedentary time across each of the four daily life domains (work, 
transportation, home and leisure time), need to be examined. It may be that, by using 
objective and subjective measurement tools, future studies will attempt to determine 
where reductions in sedentary time across the four daily life domains are both 
achievable and desirable for wellness “life tasks and subtasks”. Future research 
would be enhanced by more process evaluation, such as qualitative interviews with 
the participants both during and after the intervention. These should be designed to 
elucidate the nature of the participants’ experience relative to the functioning of the 
Gruve package.  
 
7.7 Conclusion 
This study provides important information for enhancing understanding of the 
associations between decreased sedentary behavior, increased physical activity levels 
and increases in total wellness scores among sedentary adults. Total wellness and 
many “life tasks and subtasks” appear to be capable of being significantly enhanced 
in the relatively short period of 4 weeks. Such knowledge is essential in the 
development of public health initiatives that aim to increase the wellness of the 
population via enhanced physical activity and reduced sedentary behaviors. The 
online monitor method has demonstrated potential for influencing sedentary adults to 
adopt healthful lifestyle changes. 
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Chapter 8:  General Discussion 
8.1 Introduction 
As indicated in previous chapters (3–7), each paper has its own separate discussion 
section that clarifies the limitations and implications of the research findings. This 
chapter summarises the most important results of the five thesis papers and their 
relationship with the aims of this proposal. The chapter also provides suggestions for 
further research.  
8.2 Consolidated Papers-Discussion  
The results of this thesis research provide additional data to enhance our 
understanding of the associations between sedentary behaviour and total wellness. As 
presented in the Chapter 3 results, 100% of the participants who self-rated as 
engaging in high total sitting time and insufficient physical activity were found in the 
“wellness development needed” group. In contrast, 72% of the participants who self-
rated in the low total sitting time and sufficient physical activity group were situated 
in the moderate wellness group. Consequently, it was concluded that too much 
sedentary time and too little physical activity were meaningfully linked with low 
wellness scores. While a different wellness assessment instrument, the WEL, was 
used, these findings are comparable to those of earlier studies that examined the 
association between physical activity levels and perceived wellness or health 
outcomes. In those studies, wellness enhancement was shown to be linked with 
higher levels of physical activity.  
The IPAQ was employed in this paper to measure sitting time and physical activity 
levels (insufficient or sufficient physical activity); however, it has some limitations. 
Specifically, only one question was used to measure time spent sitting, and it was not 
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designed to provide a detailed assessment of sitting across daily life domains (work, 
transportation, home and leisure time). The context within which a behaviour (such 
as sitting) occurs may vary by home and work domains; therefore, the key public 
health questions should relate as much to the behavioural context as they do to the 
volume of that behaviour (Matthews, et al., 2012). More detailed information 
regarding context could provide a deeper understanding of the behavioural contexts 
of sitting or walking and also provide insights into the relationship between health 
and sedentary behaviour.  It would, for example, be beneficial to identify where 
potential opportunities exist for the inclusion of light-moderate intensity physical 
activity. An “exercise machine” that could be inserted safely and seamlessly into a 
work or home environment is an example of an opportunity to include more physical 
activity and still allow productivity at work or home.   
In longer-term, traditional surveillance protocols (e.g. previous seven days), the use 
of the IPAQ has been shown to create research difficulties, particularly around the 
capture of sitting time (Matthews, et al., 2012).  This issue is mainly due to inflated 
error associated with inaccurate recall. The desire to ameliorate this limitation is 
connected to the second aim of this thesis. This aim was to develop and demonstrate 
the reliability and validity of a self-report instrument involving 24-hour recall (7-day 
SLIPA log) specifically for the accurate measurement of sedentary behaviour and 
light-intensity physical activity among sedentary adults in a free-living environment. 
The reliability and validity of this instrument for measuring sedentary behaviour and 
light-intensity physical activity, as well as for measurement of time spent in different 
postures (i.e., standing, lying and sitting) during free-living activities across four 
daily domains (work, transport, home and leisure), was established in Chapters 4 and 
5. Those chapter results showed strong correlations between the 7-day SLIPA Log 
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and the GT3X for daily sedentary behaviour and light-intensity physical time (r = 
0.86; r = 0.80, respectively, p < .001), which were characterised primarily by good to 
substantially beyond chance reliability.  In contrast, a recent review by Healy et al.,  
(2011a) suggests that the majority of questionnaires have shown low to moderate 
correlations with accelerometer-derived sedentary time (r = 0.16 to r =0.44) and 
weak to moderate correlations for light-intensity physical time (r = 0.17 to r = 0.74) 
(Sullivan, et al., 2012; Wendel-Vos, et al., 2003).  The strong correlations reported in 
this thesis indicate that the 7-day SLIPA Log can account for approximately 75% of 
the variance associated with the objective criterion measure of sedentary behaviour, 
as described in Chapters 4 and 5. The majority of frequently employed 
questionnaires account for as little as 2% to as much as 54% of the accelerometer-
derived sedentary time (Healy, et al., 2011a); thus, the 7-day SLIPA Log has greater 
accuracy by comparison.  
There are several possible reasons why these research results diverge from those of 
previous studies. First, the 7-day SLIPA Log was specifically developed from 
behaviours focused from/around the relevant sections of the Compendium of 
Physical Activity (Ainsworth et al., 2000). These behaviours were presented to 
participants who fulfilled the IPAQ criteria for sedentary individuals. The log 
development sessions enabled the previously identified sedentary adults to list the 
specific behaviours most commonly associated with their sedentary behaviour and 
light-intensity physical activity. Because most previous questionnaires were 
developed from a representative cross-section of the population (i.e., physically 
active and sedentary people) (Healy, et al., 2011a),  it was possible that a more 
complete picture of sedentary activity was overlooked.  If the questions included in a 
survey instrument are not indicative of all sedentary behaviours, participant memory 
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lapses may lead to measurement error in sedentary time calculations. This research 
was designed to enable sedentary individuals to identify their specific behaviours, the 
most frequent of which were, ultimately, included in the 7-day SLIPA Log.  Second, 
the protocols for most existing sedentary activity monitors ask the participants to 
wear the monitor during all waking hours and to remove it during sleeping time and 
for any water-based activity. Since non-wear time (including sleeping time and water 
activities) may cause measurement error in sedentary time calculations, it may be 
viewed as a problematic variable (Healy, et al., 2011b; Masse, et al., 2005). To 
reduce this measurement error in the validation study, participants wore the GT3X 
for a period of seven days (weekdays/weekend) during free-living activities, 
including sleeping, but not while engaged in water activities. Hence, non-wearing 
time (water-based activity time) was reduced and clearly defined. Finally, the results 
of Chapters 4 and 5 provide initial support for the hypothesis that the measurement 
accuracy of sedentary behaviour can be improved by utilising questions within the 
daily life domains to allow participants a more specific focus and by reducing the 
period of recall to the previous 24-hour period. All of these mechanisms were 
designed to reduce measurement error associated with instruments previously 
employed in sedentary behaviour analyses. This thesis research attempted to enhance 
overall understanding of the “self-report log” method for measuring sedentary 
behaviour and the problematic nature of using self-report questionnaires of seven 
days or more.  The strong correlation between the 7-day SLIPA Log and the 
objective measure of sedentary time as derived from the physical activity monitors 
employed, indicate that the processes employed were successful.  
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Understanding the types of sedentary behaviour and light intensity physical activity 
patterns across the domains of daily life can facilitate the identification of specific 
strategies that may be employed in intervention studies, particularly those that focus 
on reducing sedentary behaviour and increasing light intensity physical activity. The 
7-day SLIPA Log was used in the research reported in Chapter 6 to measure 
sedentary behaviour and light-intensity physical activity across four daily life 
domains.  The results indicated that leisure time was the most likely domain in which 
participants would reduce sedentary time and increase physical activity, concurring 
with previous research which indicated that leisure time is the most frequent domain 
for interventions with this aim (Baker, et al., 2008; Bauman, Finegood, & Matsudo, 
2009; Spittaels, et al., 2007). The 7-day SLIPA Log was used in Chapter 7 research 
to measure sedentary time and light-intensity physical activity.  
 
Previous research has indicated that both high total sitting time and insufficient 
physical activity have negative health effects (Helmink, et al., 2011), and influence 
total wellness scores (Chapter 3). The third aim of this thesis is to provide empirical 
evidence that it is possible to reduce sedentary time and increase physical activity 
levels with technology-based physical activity monitors. These changes may also be 
associated with increasing total wellness scores among sedentary adults. The most 
salient results from Chapter 6 research indicate that, by using an online personal 
activity monitor (Gruve), it is possible to achieve a beneficial “time shift”. In this 
thesis research, a large reduction (19%, 3.1 hours/day) in sedentary time during 
waking hours, an increase in daily light-intensity physical activity by approximately 
15.3% (2.6 hours/day) and a moderate intensity physical activity increase of 33% 
(one hour/day) were demonstrated.  This beneficial “time shift” from sedentary time 
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to light and moderate intensity activity time could be useful to public health officials 
and other health researchers.  Such groups frequently produce information to inform 
government policy which, in turn, has led to population level recommendations 
advising people to find extra time for moderate to vigorous physical activity.  Based 
on the results of this thesis research and other sedentary behaviour literature, 
government advisory health messages might justifiably include more than just the 
ubiquitous “Get your daily 30 minutes” and call for reduced daily sedentary time and 
increased light intensity physical activity as well.  
 
These results highlight the potentially positive impact of technology in reducing 
sedentary time. Nonetheless, in understanding all aspects of the physical activity 
monitor, it is important to consider that there is frequently a large degree of variation 
between the expertise of the designer and the user. Designers, for example, 
frequently become experts with the device they are designing; users, in comparison, 
are experts with the task that the device is attempting to perform (Norman, 2002).  
Consequently, the perceived usefulness and usability of an online monitor were 
measured. This study indicated that the monitor was perceived as easy to use and the 
participants predicted that future users would readily accept such an online personal 
activity monitor.  
As an additional indication of efficacy, by the end of the week-four intervention, a 
significant increase (pre/post) in wellness (64% ±5.7 to 75% ±8.5, p < 0.001) was 
observed in the intervention group utilising the online personal activity monitor. This 
was in contrast with the control group which demonstrated no increase in wellness 
(see Chapter 7). 
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8.3 Future Research 
Additional research is needed to explore the wellness benefits of longer-term 
reductions (several months) in measured sedentary time. Further studies should 
include larger sample sizes with more representative age ranges. Targeted 
opportunities for public health and wellness specialists may be also identified when 
more in-depth analyses of the information in the WEL data are attempted. A more 
complete picture of both individual strengths and opportunities may become evident 
when examined alongside a measure of the five “life tasks and subtasks” (see 
Appendix 1) (these data are available within the Wheel of Wellness output) and the 
subdivision of sedentary time across each of the four daily life domains (work, 
transportation, home and leisure time). It may be that, by using objective and 
subjective measurement tools, future studies will attempt to determine where 
reductions in sedentary time across the four daily life domains are both achievable 
and desirable for wellness “life tasks and subtasks”. The study in Chapter 6 
suggested that leisure-time activity was the domain in which the participants were 
most likely to reduce sedentary time and increase physical activity. Studies should 
expand the demographics of the participants to determine whether the same results 
apply and in what other domains (e.g., work) opportunities may reside. These results 
suggest that future studies attempting to reduce sedentary time and increase light 
intensity physical activity should include pre/post designs and randomised into 
groups that take the different life domains (work, transportation, household activities 
and leisure time) into account.    
In addition, it will be important to measure sedentary behaviour and physical activity 
using both accurate self-reporting methods and objective indicators of movement 
(possibly including new models of triaxial accelerometers) and to quantify these 
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behaviours throughout the day (morning, afternoon and evening; both weekdays and 
weekend days) and across all of the aforementioned domains. 
8.4 Contribution to the Literature 
Low levels of physical activity and high levels of sedentary behaviour are major 
public health concerns. Although approximately 50% of the participants in one of the 
studies met the public health recommendations for physical activity (30 minutes of 
moderate-intensity activity each day),  they still spent large periods of time engaged 
in sedentary behaviours that are inappropriate for health. These individuals are 
sometimes referred to as “active couch-potatoes” (Dunstan, et al., 2010b). These 
“active couch-potatoes” should become the target for future research.  
This thesis fills an important gap in the existing research literature by providing the 
7-day SLIPA Log method. This log will provide meaningful details in order to 
review specific types of sedentary behaviour and/or light-intensity physical activity 
and capture components of the context, including intensity, duration and frequency in 
already sedentary people. In addition, it provides empirical evidence that 
technologies can play an important role in the promotion and support of an active 
lifestyle. They may be especially meaningful for increasing physical activity levels 
and reducing sedentary time via mechanisms such as self-monitoring, goal setting, 
and other behavioural strategies, particularly for sedentary individuals. “Active 
couch-potatoes” appear to abound within the samples studied and public health 
messages need to be tailored more succinctly for them.  
Finally, an important outcome of this thesis is found in its further support for the 
hypothesis that wellness may have several dimensions, one of which is physical. 
Myers and Sweeney (2005) and other researchers, as indicated in the Wellness 
literature review in Chapter 2 (Dunn, 1961a; Hettler, 1984), propose that all wellness 
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dimensions are interrelated and, that a change in one area causes or contributes to 
changes to other areas; this, in turn, influences  total wellness scores. Despite the 
popularity of estimating sedentary behaviours and moderate to vigorous-intensity 
physical activities to determine relationships with aspects of health, this thesis is the 
first to explore the impact of sedentary behaviour, light, moderate and vigorous-
intensity physical activity on total wellness, a concept which encompasses 
significantly more than health-related perceptions.  
The results of several of the papers in this thesis support this notion.  
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Appendices 
Appendix 1: Wellness Evaluation of Lifestyle (WEL) Inventory definitions 
scales, and number of items 
 
WEL Scale Number 
of items 
Brief Definition (Adapted from Myers & Sweeney, 2005) 
Spirituality*  
10 
Personal beliefs and behaviours that are practiced as part 
of the recognition that we are more than the material 
aspects of mind and body. Dimensions include belief in a 
higher power; hope and optimism, worship, prayer. 
Self-Direction* 64 A summary of all scores on scales (Sense Worth) through 
(Cultural Identity); an overall representation of self-
direction. 
        
Sense Worth 
 
6 
Accepting who and what one is, one’s positive quality 
along with one’s imperfections; includes basic acceptance 
of physical appearance; affirming the value of one's 
existence; a sense of genuineness and realness within 
oneself and in relation to others. 
 Sense Control  
 
8 
Beliefs about your competence, confidence, and mastery 
(i.e., "I can"); belief that you can usually achieve the 
goals you set out for yourself; being able to exercise 
individual choice through imagination, knowledge, and 
skill; having a sense of being plan full in life; being able 
to be direct in expressing one's needs (assertive). 
 Realistic Beliefs  
 
5 
Ability to process information accurately, to perceive 
reality accurately, not as one might want or desire it to be; 
separating that which is logical and rational from that 
which is distorted, irrational, or wishful thinking; 
controlling the "shoulds," "oughts," "dos," and "don't" 
which tend to rule one's life; avoiding unrealistic 
expectations or wishful thinking. 
Emotional 
Responsiveness 
 
6 
Being aware of or in touch with one's feelings; being able 
to express one's feelings appropriately; being able to 
enjoy positive emotions as well as being able to cope with 
negative emotions; having a sense of energy; avoiding 
chronic negative emotional states. 
Intellectual 
Stimulation 
 
 
5 
Being mentally active, open-minded; having the ability to 
be creative and experimental; having a sense of curiosity, 
a need to know and to learn; the ability for both divergent 
and convergent thinking when problem solving; the 
capacity to change one's thinking in order to manage 
stress; the ability to apply problem solving strategies in 
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resolving social conflicts. 
       
 
Sense Humor 
 
 
5 
Being able to laugh at one's own mistakes and the 
unexpected things that happen; the ability to laugh 
appropriately at others; having the capacity to see the 
contradictions and predicaments of life in an objective 
manner such that one can gain new perspectives; enjoying 
the idiosyncrasies and inconsistencies of life; the ability 
to use humor to accomplish even serious tasks. 
      
 Nutrition 
 
5 
Eating a nutritionally balanced diet, three meals a day 
including breakfast, consuming fats, cholesterol, sweets, 
and salt sparingly; maintaining a normal weight (i.e., 
within 15% of the ideal) and avoiding overeating. 
       
Exercise 
 
 
5 
Engaging in sufficient physical activity through exercise 
or on one's job to keep in good physical condition; 
maintaining flexibility in the major muscles and joints of 
the body through work, recreation, or stretching 
exercises; regular exercise and not overdoing it are 
important guidelines. 
 Self Care 6 Taking responsibility for one's wellness through self-care 
and safety habits that are preventive in nature; such habits 
include obtaining timely medical care, wearing a seat 
belt. 
       
Stress 
Management 
 
 
5 
General perception of one's own self-management 
or self-regulation; seeing change as an opportunity for 
growth rather than as a threat to one's security; on-going 
self-monitoring and assessment of one's coping resources; 
the ability to organize and manage resources such as time, 
energy, setting limits, and need for structure. 
 
Gender Identity 
 
4 
Satisfaction with one's gender; feeling supported in one's 
gender; transcendence of gender identity (i.e., ability to 
be androgynous). 
 
 Cultural Identity 
4 Satisfaction with one's cultural identity; feeling supported 
in one's cultural identity; transcendence of one's cultural 
identity (i.e., cultural assimilation). 
  Work*  
8 
Being satisfied with one's work or time spent in recreation 
and leisure; having adequate financial security; feeling 
that one's skills are used appropriately; feeling that one 
can manage one's workload; feeling a sense of job 
security. 
  Leisure*  
 
6 
Activities done in one’s free time: satisfaction with one’s 
leisure activities, importance of leisure, positive feelings 
associated with leisure, having at least one activity in 
which “I lose myself and time stands still”, ability to 
approach tasks from a playful point of view, ability to put 
work aside for leisure without feeling guilty. 
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  Friendship*  
7 
Social relationships that involve a connection with others 
individually or in community, being comfortable in social 
situations; having a capacity to trust others; having 
empathy for others; feeling understood by others. 
  Love*  
8 
Having faith that one's well-being will be respected in 
relationships with others; the ability to be intimate, 
trusting, and self-disclosing with another person; the 
ability to give as well as express affection with significant 
others. 
Total Wellness  
103 
One's general level of well being; a global assessment of 
wellness; a summary of one's total wellness in the five 
life tasks of spirituality, self-direction, work, friendship, 
and love. 
* Life tasks (spirituality, work and leisure, friendship, love, and self-direction). 
Note. Adapted from Myers and Sweeney (2004)  
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Appendix 2: 7-day Sedentary and Light Intensity Physical Activity Log (7-day SLIPA Log) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Background Information 
   
Name or ID: ……………………..……………………………..………….  Gender:     Male                       Female                
Date of birth: ……………/…………. / ………….   Weight: ………….….  kg            Height: ………..………. cm 
 
Introduction 
We are trying to find out about your daily Sedentary Behaviours and Light Intensity Physical Activity in the following four domains: work, 
transport, at home and during your leisure time. Therefore, this includes all types of sedentary and light intensity physical activity that you 
perform in everyday life for a total of 24 hours. 
 Sedentary behavior is not simply a lack of physical activity but a cluster of individual behaviours where sitting or lying is the dominant mode of 
posture and energy expenditure is very low. In general, this refers to the times you spend sitting (e.g. working on a computer, watching TV, driving) 
or lying down as these represent sedentary behaviours. 
 Light-intensity physical activity which includes activities such as slow walking, washing dishes, cooking food and other routine domestic or 
occupational tasks that result in low energy expenditure.  
Remember: 
 With regard to the 24 hour period, you will complete the 7-day SLIPA Log by indicating how many hours and minutes you spent in each of the 
specific behaviours from the previous day, starting at 12:00 a.m.   
 The 7-day SLIPA Log contains 23 short questions. You will need about 5 minutes to answer the questions - perhaps more if you read all the 
information panels. 
 There are no right and wrong answers — this is not a test. 
 Please answer all the questions as honestly and accurately as you can — this is very important. 
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 Questions of Specific behaviours Monday Tuesday Wednesday Thursday Friday Saturday Sunday 
Domains How many hours and minutes do you spend; Hours  Minutes Hours  Minutes Hours  Minutes Hours  Minutes Hours  Minutes Hours  Minutes Hours  Minutes 
 
 
 
 
 
Work 
 
Sitting- studying, writing, desk work, typing? 
       
Sitting in a meeting?  
       
Sitting - light office work, general? 
       
Standing (store clerk, filing, duplicating, standing and talking at work)? 
       
Standing – miscellaneous? 
       
Walking on job, (in office or lab area), very slow? 
       
Standing - light work (filing, talking, assembling)? 
       
 
 
Transport 
Riding in a car or bus?  
       
Driving a car (sitting)? 
       
Walking from house to car or bus, from car or bus to go places? 
       
 
 
 
 
 
Home  
Sleeping (includes rest or naps during the day)? 
       
Light cleaning? 
       
Wash dishes - standing? 
       
Standing – light? 
       
Cooking or food preparation? 
       
Standing quietly (standing in a line)? 
       
Shopping? 
       
 
 
Leisure 
Walking very slowly? 
       
Lying quietly, watching television? 
       
Reclining – writing, talking or talking on phone, reading?  
       
Sitting - using a computer, card playing, playing board games?  
       
Sitting quietly and watching television, listening to music, reading? 
       
Standing - talking or talking on the phone? 
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 Appendix 3: International Physical Activity Questionnaire (IPAQ) 
 
SHORT LAST 7 DAYS SELF-ADMINISTERED FORMAT 
 
FOR USE WITH YOUNG AND MIDDLE-AGED ADULTS (15-69 years) 
 
The International Physical Activity Questionnaires (IPAQ) comprises a set of 4 
questionnaires. Long (5 activity domains asked independently) and short (4 generic 
items) versions for use by either telephone or self-administered methods are available. 
The purpose of the questionnaires is to provide common instruments that can be used to 
obtain internationally comparable data on health–related physical activity. 
 
Background on IPAQ 
The development of an international measure for physical activity commenced in Geneva 
in 1998 and was followed by extensive reliability and validity testing undertaken across 
12 countries (14 sites) during 2000.  The final results suggest that these measures have 
acceptable measurement properties for use in many settings and in different languages, 
and are suitable for national population-based prevalence studies of participation in 
physical activity. 
Using IPAQ  
Use of the IPAQ instruments for monitoring and research purposes is encouraged. It is 
recommended that no changes be made to the order or wording of the questions as this 
will affect the psychometric properties of the instruments.  
Translation from English and Cultural Adaptation 
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Translation from English is supported to facilitate worldwide use of IPAQ. Information 
on the availability of IPAQ in different languages can be obtained at www.ipaq.ki.se. If a 
new translation is undertaken we highly recommend using the prescribed back translation 
methods available on the IPAQ website. If possible please consider making your 
translated version of IPAQ available to others by contributing it to the IPAQ website. 
Further details on translation and cultural adaptation can be downloaded from the 
website. 
Further Developments of IPAQ  
International collaboration on IPAQ is on-going and an International Physical Activity 
Prevalence Study is in progress. For further information see the IPAQ website.  
More Information 
More detailed information on the IPAQ process and the research methods used in the 
development of IPAQ instruments is available at www.ipaq.ki.se and Booth, M.L. 
(2000).  Assessment of Physical Activity: An International Perspective.  Research 
Quarterly for Exercise and Sport, 71 (2): s114-20.  Other scientific publications and 
presentations on the use of IPAQ are summarized on the website. 
INTERNATIONAL PHYSICAL ACTIVITY QUESTIONNAIRE 
 
We are interested in finding out about the kinds of physical activities that people do as 
part of their everyday lives.  The questions will ask you about the time you spent being 
physically active in the last 7 days.  Please answer each question even if you do not 
consider yourself to be an active person.  Please think about the activities you do at work, 
as part of your house and yard work, to get from place to place, and in your spare time for 
recreation, exercise or sport. 
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Think about all the vigorous activities that you did in the last 7 days.  Vigorous physical 
activities refer to activities that take hard physical effort and make you breathe much 
harder than normal.  Think only about those physical activities that you did for at least 10 
minutes at a time. 
During the last 7 days, on how many days did you do vigorous physical activities like 
heavy lifting, digging, aerobics, or fast bicycling?  
 
_____ days per week  
 
   No vigorous physical activities  Skip to question 3 
 
 
1. How much time did you usually spend doing vigorous physical activities on one 
of those days? 
 
_____ hours per day 
_____ minutes per day  
 
  Don’t know/Not sure  
 
 
Think about all the moderate activities that you did in the last 7 days.  Moderate 
activities refer to activities that take moderate physical effort and make you breathe 
somewhat harder than normal.  Think only about those physical activities that you did for 
at least 10 minutes at a time. 
 
 
During the last 7 days, on how many days did you do moderate physical activities like 
carrying light loads, bicycling at a regular pace, or doubles tennis?  Do not include 
walking. 
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_____ days per week 
 
   No moderate physical activities  Skip to question 5 
 
 
2. How much time did you usually spend doing moderate physical activities on one 
of those days? 
 
_____ hours per day 
_____ minutes per day 
 
  Don’t know/Not sure  
 
 
Think about the time you spent walking in the last 7 days.  This includes at work and at 
home, walking to travel from place to place, and any other walking that you might do 
solely for recreation, sport, exercise, or leisure. 
 
5. During the last 7 days, on how many days did you walk for at least 10 
minutes at a time?   
 
_____ days per week 
  
   No walking     Skip to question 7 
 
 
6. How much time did you usually spend walking on one of those days? 
 
_____ hours per day 
_____ minutes per day  
 
  Don’t know/Not sure  
 
 
The last question is about the time you spent sitting on weekdays during the last 7 days.  
Include time spent at work, at home, while doing course work and during leisure time.  
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This may include time spent sitting at a desk, visiting friends, reading, or sitting or lying 
down to watch television. 
 
7. During the last 7 days, how much time did you spend sitting on a week day? 
 
_____ hours per day 
_____ minutes per day  
 
  Don’t know/Not sure  
 
 
This is the end of the questionnaire, thank you for participating. 
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Appendix 4: Recruitment flyer (QUT HREC: 1100000358) 
 
 
 
PARTICIPATE IN RESEARCH 
Information for Prospective Participants 
The following research activity has been reviewed via QUT arrangements for the conduct of research involving human participation. 
If you choose to participate, you will be provided with more detailed participant information, including who you can contact if you have any concerns. 
Physical Activity Levels and Wellness in Adults. 
 
Research Team Contacts 
Principal Researcher: Faisal Barwais PhD candidate (3138 5832)  faisal.barwais@student.qut.edu.au 
Associate Researchers: Dr Tom Cuddihy  QUT Principal Supervisor  (3138 5862) t.cuddihy@qut.edu.au 
Dr Eric Brymer  QUT Associate Supervisor (3138 3511) eric.brymer@qut.edu.au 
Dr Tracy Washington  QUT Associate Supervisor (3138 3276) tracy.washington@qut.edu.au 
 
Please contact the researcher team members to have any questions answered or if you require further information about the project. 
What is the purpose of the research? 
This project is being undertaken as part of the PhD program of Faisal Barwais. The purpose of this research is to 
examine whether differences exist between habitual physical activity levels (Sedentary, Active, and High Active) and 
overall wellness among adults.  
Are you looking for people like me? 
The research team is seeking to enrol male/female adults aged between 18 and 45 years. 
What will you ask me to do? 
All participants who engage in this study will receive by Email, an invitation and an informed consent letter, with 
information concerning the International Physical Activity Questionnaire (IPAQ), and the Wellness Evaluation of 
Lifestyle (WEL). You will receive an electronic copy of the IPAQ. After completion of the IPAQ, please forward the 
file to the researcher (faisal.barwais@student.qut.edu.au). Then you will be asked to complete a Wellness Survey 
WEL for which we will provide you with the necessary Internet link. It will take approximately 15 to 25 minutes to 
complete. 
Are there any risks for me in taking part? 
The research team does not believe there are any risks associated with your participation in this research. 
Are there any benefits for me in taking part? 
It is expected that this project will benefit you directly through providing extensive information about your physical activity 
levels and a wellness evaluation. Multiple areas of feedback include information regarding your perceptions of a sense of 
worth, sense of control, realistic beliefs, emotional awareness and coping, intellectual stimulation, problem solving 
and creativity, sense of humour, physical fitness, nutrition, self-care, stress management, gender identity, and cultural 
identity.  The information gained from these sections may help you to gain a more complete understanding of 
yourself.  
Will I be compensated for my time? 
Apart from your personal gain in insight regarding important components of your health and Wellbeing,we very 
much appreciate your participation in this research.  
I am interested – what should I do next? 
Please contact the research team members named above to obtain further information about the project and to have any 
questions answered. It should be noted that if you do agree to participate, you can withdraw from participation at any time 
during the project without comment or penalty however, as the online questionnaire is anonymous, once submitted, it will 
be not be possible to withdraw it from the study. 
Thank You! QUT Ethics Approval Number: 1100000358 
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 Appendix 5: Information Sheet and Consent Form (QUT HREC: 1100000358) 
 
PARTICIPANT INFORMATION FOR QUT RESEARCH PROJECT 
 
Physical Activity Levels and Wellness in Adults. 
QUT Ethics Approval Number 1100000358 
 
RESEARCH TEAM  
Principal Researcher: Faisal Barwais PhD candidate  
Associate Researchers: Dr Tom Cuddihy  QUT Principal Supervisor  
Dr Eric Brymer  QUT Associate Supervisor  
Dr Tracy Washington  QUT Associate Supervisor  
DESCRIPTION 
 Wellness is a process of optimal functioning involving all aspects of life. The goal of a wellness 
lifestyle is a balance between the dimensions of wellness, including physical, emotional, social, 
spiritual, occupational or vocational, intellectual, environmental and recently financial. A high 
level of wellness in each dimension is desirable. Physical activity (PA) levels around the world 
are declining. People’s lifestyles today in many parts of the world have become increasingly 
sedentary at home, in the office and during leisure time. However, a moderate level of regular PA 
has been shown to provide important health benefits. Given that significant numbers of adults 
continue to be sedentary, it may prove beneficial to identify the relationship between physical 
activity and overall wellness to formulate broader health promotion messages about the benefits 
of regular activity.  
This project is being undertaken as part of the PhD program of Faisal Barwais. 
 
The research team requests your assistance because you can provide us with information that will 
allow us to examine the differences between physical activity levels (Sedentary, Active, and High 
Active), and overall wellness among adults. 
 
PARTICIPATION 
Your participation in this project is voluntary. If you do agree to participate, you can withdraw from 
participation at any time during the project without comment or penalty, however, once you have 
submitted the online questionnaire, it will be not be possible to withdraw from the study. Your 
participation will involve completing an online International Physical Activity Questionnaire (IPAQ), 
and the Wellness Evaluation of Lifestyle (WEL) that will take approximately 15 to 25 minutes to 
complete both questionnaires. The WEL has 131 self-report statements. Items were generated as self-
statements (e.g., “I am satisfied with my leisure activities”, “I consider myself to be an active person.”) 
to which a respondent would reply using a five-point Likert scale (strongly agree, agree, undecided or 
neutral, disagree, strongly disagree).  Your participation will involve an online survey which will take 
approximately 10 minutes to complete the IPAQ survey. You will be asked for your email address so 
that we request that you complete the WEL survey. When we download data (which is stored on a 
secure site) the results of your physical activity levels and total Wellness will be sent to you by email. 
EXPECTED BENEFITS 
It is expected that this project will benefit you directly through providing extensive information about 
your physical activity levels, and Wellness Evaluation in multiple areas including  sense of worth, 
sense of control, realistic beliefs, emotional awareness and coping, intellectual stimulation, 
problem solving and creativity, sense of humour, physical fitness, nutrition, self-care, stress 
management, gender identity, and cultural identity. 
RISKS 
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The research team does not believe there are any risks associated with your participation in this 
research. 
PRIVACY AND CONFIDENTIALITY 
 The information that you provide will be confidential and anonymous. The data collected for this 
study will be stored confidentially and only the researchers conducting this study will have access to 
this data. All results will be reported in an aggregate form, and no individual responses will be 
identifiable. When we download data (which is stored on a secure site) we will immediately separate 
any email addresses from the data so that anonymity is assured. We will match both surveys by a 
registration number (code) then all email addresses will be deleted on completion of the study. The 
survey responses will be collected by a Queensland University of Technology researcher, and not used 
for any other purpose. CONSENT TO PARTICIPATE 
By completing the online survey, you indicate that you have given your consent to participate in this 
study. 
QUESTIONS / FURTHER INFORMATION ABOUT THE PROJECT 
If have any questions or require any further information about the project please contact one of the 
research team members below. 
CONCERNS / COMPLAINTS REGARDING THE CONDUCT OF THE PROJECT 
QUT is committed to research integrity and the ethical conduct of research projects.  However, if you 
do have any concerns or complaints about the ethical conduct of the project (approval number: 
1100000358) you may contact the QUT Research Ethics Unit on [+61 7] 3138 5123 or email 
ethicscontact@qut.edu.au. The QUT Research Ethics Unit is not connected with the research project 
and can facilitate a resolution to your concern in an impartial manner. 
Thank you for helping with this research project.  Please keep this sheet for your 
information. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Faisal Barwais, PhD candidate Dr Tracy Washington, QUT Associate Supervisor 
School of Human Movement, Health Faculty School of Human Movement, Health Faculty 
Phone   3138 5832 Phone   3138 3276 
Email   faisal.barwais@student.qut.edu.au Email   tracy.washington@qut.edu.au 
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Appendix 6: Email Invitation to Recruit Participants (QUT HREC: 
1100000358) 
 
Dear Sir/Madam, 
  
My name is Faisal Barwais from the School of Human Movement Studies at QUT. I am 
currently undertaking a nationwide research project as part of my doctoral studies under 
the supervision of Dr Tom Cuddihy. The aim of this research project is to examine the 
possible differences between physical activity levels (Sedentary, Active, and High 
Active), and overall wellness (high level of your quality of life) among adults. 
  
I would like to invite you to participate in this research project. This would involve you 
completing two online questionnaires, the International Physical Activity Questionnaire 
(IPAQ), the Wellness Evaluation of Lifestyle (WEL). It is expected that the total time to 
complete both questionnaires will take approximately 15 to 25 minutes.  
  
  
If you would like to participate in this study, please follow this link to the study site – 
http://survey.qut.edu.au/survey/171479/189a/. 
  
Or contact Faisal Barwais at (07) 3138 5832 or email faisal.barwais@student.qut.edu.au 
 to request a mail-out questionnaire. 
  
We greatly value your co-operation. Thank you for your time and consideration. 
  
Faisal Awad Barwais 
PhD Candidate 
  
This project has been approved by QUT's Human Research Ethics Committee 
(Ref#1100000358). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  198 
Appendix 7: Recruitment flyer (QUT HREC: 1100000359) 
 
 
PARTICIPATE IN RESEARCH 
Information for Prospective Participants 
The following research activity has been reviewed via QUT arrangements for the conduct of research involving human participation. 
If you choose to participate, you will be provided with more detailed participant information, including who you can contact if you have any concerns. 
Validation of The New Physical Activity Scale for Reducing Sedentarism (PASRS) in adults 
 
Research Team Contacts 
Principal Researcher: Faisal Barwais PhD candidate (3138 5832)  faisal.barwais@student.qut.edu.au 
Associate Researchers: Dr Tom Cuddihy  QUT Principal Supervisor  (3138 5862) t.cuddihy@qut.edu.au 
Dr Eric Brymer  QUT Associate Supervisor (3138 3511) eric.brymer@qut.edu.au 
Dr Tracy Washington  QUT Associate Supervisor (3138 3276) tracy.washington@qut.edu.au 
Please contact the researcher team members to have any questions answered or if you require further information about the project. 
What is the purpose of the research? 
This project is being undertaken as part of the PhD program of Faisal Barwais. 
The purpose of this research is to evaluate the validity of PASRS through use a small waist monitor GT3X ActiGraph 
tri-axial accelerometers. 
Are you looking for people like me? 
The research team is looking for male/female sedentary adults aged between 18 and 45 years. Sedentary is typically 
defined as any behaviour with an exceedingly low energy expenditure (defined as <1.5 metabolic equivalents). In 
general, if you spent 7 or more hours per day in a sitting (e.g. working on a computer, watching TV, driving) or 
reclining posture. 
What will you ask me to do? 
Your participation will involve two visits to the School of Human Movement, Kelvin Grove campus, O Block, A 
Wing, Room A313.  
During the first visit: 
a) The height and weight of all participants will be measured.  
b) Researcher will instruct participants on how to use the GT3X device, including monitor placement and timer 
wearing (the total visit time will be 15 min). 
During period of seven days: 
a) Participants will be asked to wear the GT3X for a period of seven (weekdays/ weekend) days during free-
living activities. 
b) At the end of each 24-hour period, each participant will complete the PASRS by indicating how many hours 
and minutes he/she spent in each of the physical activity categories. 
During the last visit: Participants (after a one-week interval) will visit School of Human Movement at QUT to 
return the device and PASRS. 
Are there any risks for me in taking part? 
ActiGraph accelerometers are worn on an elastic belt around the waist. As a consequence, there may be a small risk of skin 
irritation from the belt for some participants. The irritation will go away once the belt is removed. 
Are there any benefits for me in taking part? 
It is expected that this project will not benefit you directly; however, it may benefit the community through evaluation 
the validity of the Physical Activity Scale for Reducing Sedentarism as a new tool. Being able to measure patterns of 
sedentary behaviour using a questionnaire that might be allowing further research into whether high volumes of 
sedentary behaviour are harmful to health or whether low amounts of sedentary behaviour have protective effects on 
health. 
Will I be compensated for my time? 
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We would very much appreciate your participation in this research.  
I am interested – what should I do next? 
If you would like to participate, please contact Faisal Barwais or Dr Tracy Washington to have any questions answered or 
if you require further information about the project. It should be noted that if you do agree to participate, you can withdraw 
from participation at any time during the project without comment or penalty.  
Thank You! 
QUT Ethics Approval 
Number: 
1100000359 
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Appendix 8: Information Sheet and Consent Form (QUT HREC: 1100000359) 
 
PARTICIPANT INFORMATION FOR QUT RESEARCH PROJECT 
 
Validation of the New Physical Activity Scale for Reducing Sedentarism (PASRS) in adults 
QUT Ethics Approval Number 1100000359 
RESEARCH TEAM  
Principal Researcher: Faisal Barwais PhD candidate  
Associate Researchers: Dr Tom Cuddihy  QUT Principal Supervisor  
Dr Eric Brymer  QUT Associate Supervisor  
Dr Tracy Washington  QUT Associate Supervisor  
DESCRIPTION 
Recently, many studies have addressed the assessment of physical activity and sedentary 
behaviours, with continuing interest in understanding the potentially deleterious health effects of 
inactivity in adults. Activities such as sleeping, lying, sitting, television viewing, computer usage, 
and video game playing are, collectively, considered to be sedentary. Several studies have 
examined specific aspects of sedentary behaviour and their independent relationships with 
obesity. For example, study found that sitting for more than 6 hours per day at work was 
associated with a 92% greater chance of being overweight or obese compared to sitting for less 
than 45 minutes per day.  
In contrast, the benefits of physical activity are numerous and affect all age groups with multiple 
health outcomes, particularly reduction of the risk of obesity. Consequently, increased awareness 
of the importance of physical activity, as opposed to sedentary behaviours, leads to the 
development of instruments designed to increase physical activity levels and to reduce the time 
spent in sedentary behaviours.  Motivational tools include pedometers, accelerometers, heart rate 
monitors, interactive video games, and mobile phones have been used to promote the physical 
activities.  
On the other hand, questionnaires are available tools that work towards similar goals but no study 
has used questionnaires as an instrument to increase levels of physical activity.  The aim in this 
study is to develop a questionnaire, focused on activities that people do regularly throughout the 
24-hour day, including sleeping, sedentary work /studies, light-activity work /studies, home 
activities, sedentary non-activity at home, and leisure time activities. 
This project is being undertaken as part of the PhD program of Faisal Barwais. 
The research team requests your assistance because you can provide us with information that will 
allow us is to evaluate the validity of Physical Activity Scale for Reducing Sedentarism (PASRS) 
through GT3X ActiGraph tri-axial accelerometers’ determinations of physical activity in 
sedentary adults. 
PARTICIPATION 
Your participation in this project is entirely voluntary. If you do agree to participate, you can withdraw 
from the project at any time without comment or penalty. Any identifiable information already 
obtained from you will be destroyed. Your decision to participate, or not participate, will in no way 
impact upon your current or future relationship with QUT. Your participation will involve two visits 
to the School of Human Movement, Kelvin Grove campus, O Block, A Wing, Room A313.  
During the first visit: 
c) The height and weight of all participants will be measured.  
d) Researcher will instruct participants on how to use the GT3X device, including monitor 
placement and timer wearing (the total visit time will be 15 minutes). 
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During period of seven days: 
c) Participants will be asked to wear the GT3X for a period of seven (weekdays/ weekend) 
days during free-living activities. 
d) At the end of each 24-hour period, each participant will complete the PASRS by 
indicating how many hours and minutes he/she spent in each of the physical activity 
categories. 
During the last visit: 
Participants (after a one-week interval) will visit School of Human Movement at QUT to return 
the device and PASRS. 
EXPECTED BENEFITS 
It is expected that this project will not benefit you directly; however, it may benefit the 
community through evaluation the validity of the Physical Activity Scale for Reducing 
Sedentarism as a new tool. Being able to measure patterns of sedentary behaviour using a 
questionnaire that might be allowing further research into whether high volumes of sedentary 
behaviour are harmful to health or whether low amounts of sedentary behaviour have protective 
effects on health. 
RISKS 
ActiGraph accelerometers are worn on an elastic belt around the waist. As a consequence, there may 
be a small risk of skin irritation from the belt for some participants. The irritation will go away once 
the belt is removed. The GT3X’s rechargeable Lithium Polymer battery that is capable of providing 
power for up to 20 days without recharging and there are no risks associated with its use. 
PRIVACY AND CONFIDENTIALITY 
The information that you provide will be confidential and anonymous. The data collected for this 
study will be stored confidentially and only the researchers conducting this study will have access to 
this data. All results will be reported in an aggregate form and no individual responses will be 
identifiable. All hard copy data (e.g. consent forms and recording sheets) will be stored in a locked 
filing cabinet in a locked office in the School of Human Movement Studies, Queensland University of 
Technology Kelvin Grove campus. This area is accessible only to authorized staff and after hours the 
department is secure.   
CONSENT TO PARTICIPATE 
We would like to ask you to sign a written consent form (enclosed) to confirm your agreement to 
participate. 
QUESTIONS / FURTHER INFORMATION ABOUT THE PROJECT 
If have any questions or require any further information please contact one of the research team 
members below. 
Faisal Barwais, PhD candidate Dr Tracy Washington, QUT Associate Supervisor 
School of Human Movement, Health Faculty School of Human Movement, Health Faculty 
Phone   3138 5832 Phone   3138 3276 
Email   faisal.barwais@student.qut.edu.au Email   tracy.washington@qut.edu.au 
CONCERNS / COMPLAINTS REGARDING THE CONDUCT OF THE PROJECT 
QUT is committed to research integrity and the ethical conduct of research projects.  However, if you do have any concerns or complaints 
about the ethical conduct of the project you may contact the QUT Research Ethics Unit on 3138 5123 or email ethicscontact@qut.edu.au. 
The QUT Research Ethics Unit is not connected with the research project and can facilitate a resolution to your concern in an impartial 
manner. 
Thank you for helping with this research project.  Please keep this sheet for your 
information. 
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CONSENT FORM FOR QUT RESEARCH PROJECT 
 
Validation of the New Physical Activity Scale for Reducing Sedentarism (PASRS) in adults 
QUT Ethics Approval Number 1100000359 
 
RESEARCH TEAM CONTACTS     
Faisal Barwais, PhD candidate Dr. Tom Cuddihy, QUT Principal Supervisor 
School of Human Movement 
Health Faculty 
School of Human Movement 
Health Faculty 
Phone  73138 5832  Phone  7 3138 5862 
Email  faisal.barwais@student.qut.edu.au Email  t.cuddihy@qut.edu.au 
  
Dr. Eric Brymer, QUT Associate Supervisor Dr. Tracy Washington, QUT Associate Supervisor 
School of Human Movement 
Health Faculty 
School of Human Movement 
Health Faculty 
Phone  73138 3511 Phone  7 3138 3276 
Email  eric.brymer@qut.edu.au Email  tracy.washington@qut.edu.au 
 
STATEMENT OF CONSENT 
By signing below, you are indicating that you: 
 have read and understood the information document regarding this project 
 have had any questions answered to your satisfaction 
 understand that if you have any additional questions you can contact the research team 
 understand that you are free to withdraw at any time, without comment or penalty 
 understand that you can contact the Research Ethics Unit on [+61 7]3138 5123 or email 
ethicscontact@qut.edu.au if you have concerns about the ethical conduct of the project 
 agree to participate in the project 
 
Name  
Signature  
Date   
 
 
 
 
 
Please return this sheet to the investigator. 
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Appendix 9: Recruitment flyer (QUT HREC: 1200000226) 
 
PARTICIPATE IN RESEARCH 
Information for Prospective Participants 
The following research activity has been reviewed via QUT arrangements for the conduct of research involving human participation. 
If you choose to participate, you will be provided with more detailed participant information, including who you can contact if you have any 
concerns. 
Does Use of a Technology-Based Physical Activity Monitor Encourage Adults to 
Reduce Sedentary Behaviour? 
Research Team Contacts 
Principal Researcher: Faisal Barwais PhD candidate  3138 5832
 faisal.barwais@student.qut.edu.au 
Associate Researchers: Dr Tom Cuddihy QUT Principal Supervisor 3138 5862 t.cuddihy@qut.edu.auDr 
Eric Brymer QUT Associate Supervisor 3138 3511 eric.brymer@qut.edu.au 
Dr Tracy Washington QUT Associate Supervisor                   tracy.washington@qut.edu.au                   
Dr Katherine White          QUT Associate Supervisor                            km.white@qut.edu.au 
What is the purpose of the research? 
The purpose of this research is to evaluate the impact of a five-week intervention period using the Gruve 
Online™ to reduce Sedentary Behaviour. 
Are you looking for people like me? 
The research team is looking for male/female sedentary adults aged between 18 and 45 years.  Sedentary 
behaviour refers to any waking behaviour characterized by low energy cost. In general, if you spent 7 or more 
hours per day in a sitting (e.g. working on a computer, watching TV, driving) or reclining posture.  
What will you ask me to do? 
Your participation will involve two visits to the QUT School of Exercise and Nutrition Sciences, Kelvin Grove 
campus, O Block, A Wing, Room A313, and the completion of a number of short questionnaires and online 
activities as outlined below. 
During the first University visit: (The total visit time will be 30 minutes) 
e) Your height and weight will be measured.  
f) The researcher will instruct you on how to use the Gruve device, including monitor placement and 
duration of wear. 
g) The researcher will explain to you how to access the Sedentary Behaviors and Light Intensity Physical 
Activity Scale (SB-LIPAS) and Wellness Evaluation of Lifestyle (WEL) online versions, and answer 
FAQ’s.  
h) You will set a daily achievable energy expenditure goal via the Gruve Online™.  
You will be asked to complete 12 items about stages of change (5 items) (e.g., I am currently sedentary, but I 
am thinking about trying to reduce my sedentary time) and attitudes and beliefs about reducing sedentary time 
(7 items) (e.g., It is likely that I will reduce my sedentary time less than 8 hours per day for the next five weeks). 
Some items will ask you to answer yes or no, some will ask for a rating from 1-7. During the assessment 
period (week 1) 
e) You will be asked to wear the Gruve for a period of seven days (week 1) (weekdays/ weekends) during 
free-living activities. 
f) At the end of each 24-hour period, you will complete the SB-LIPAS online version by indicating how 
many hours and minutes you spent in each of the categories (5 minutes). 
g) You will be requested to complete for the first time the WEL online version (10 minutes). 
h) You will be asked to complete online International Physical Activity Questionnaire (IPAQ) 7 items. 
During period of intervention (week 2 to week 5): 
i) You will be asked to wear the Gruve on a daily basis for a period of four weeks (week 2-5) (both on 
weekdays/weekend) days during free-living activities. 
j) You will be asked to strive to achieve your daily Gruve goal.  
k) You will be encouraged to view your daily Gruve Online™ home page. 
During the final week (week 5): 
l) You will be asked to complete the SB-LIPAS online version at the end of each 24-hour period by 
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indicating how many hours and minutes you spent in each of the categories. 
a) You will be requested to complete the WEL online version for the second and final time. 
During the last University visit: 
After five weeks you will visit School of Exercise and Nutrition Sciences, QUT to return the device. (The total 
visit time will be 15 minutes.) 
a) You will be asked to complete 12 items about stages of change (5 items) (e.g., I am currently sedentary, 
but I am thinking about trying to reduce my sedentary time) and attitudes and beliefs about reducing 
sedentary time (7 items) (e.g., It is likely that I will reduce my sedentary time less than 8 hours per day for 
the next five weeks). Some items will ask you to answer yes or no, some will ask for a rating from 1-7.  
b)  You will then be asked to complete 17 items about attitudes and beliefs about the perceived ease and 
usefulness of using the technology and becoming less sedentary (e.g., Using Gruve online enables me to 
reduce my sedentary time) (rating from 1-7). 
c) You will be asked to complete online International Physical Activity Questionnaire (IPAQ) 7 items.  
Are there any risks for me in taking part? 
There are any risks beyond normal day-to-day living associated with your participation in this research. 
Are there any benefits for me in taking part? 
It is expected that this project will benefit you directly through an increased understanding of the volume of 
your time spent in sedentary activities. The Gruve monitor provides a sustainable path to reductions in the time 
spent sitting and a simple way to increase your energy expenditure, thereby increasing your likelihood of 
achieving physical activity and energy expenditure goals and enhancing overall health. 
Will I be compensated for my time? 
We would very much appreciate your participation in this research. 
I am interested – what should I do next? 
If you would like to participate or if you require further information about the project, please contact Faisal 
Barwais or Dr Tracy Washington. 
Thank You! QUT Ethics Approval Number: 1200000226 
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Appendix 10: Information Sheet and Consent Form (QUT HREC: 
1200000226) 
 
PARTICIPANT INFORMATION FOR QUT RESEARCH PROJECT 
Does Use of a Technology-Based Physical Activity Monitor Encourage Adults to Reduce 
Sedentary Behaviour? 
QUT Ethics Approval Number 1200000226 
RESEARCH TEAM 
Principal 
Researcher: 
Faisal Barwais PhD candidate 3138 5832
 faisal.barwais@student.qut.edu.au  
Associate 
Researchers: 
Dr Tom Cuddihy  Principal Supervisor 3138 5862 t.cuddihy@qut.edu.au 
Dr Eric Brymer  Associate Supervisor 3138 3511 eric.brymer@qut.edu.au 
Dr Tracy Washington  Associate Supervisor   tracy.washington@qut.edu.au 
Dr Katherine White  QUT Associate Supervisor    km.white@qut.edu.au 
DESCRIPTION 
Chronic diseases such as cardiovascular disease, type II diabetes and other obesity-related 
illnesses are the leading cause of death and disability in the Australian population. Consequently 
their prevention presents the greatest potential for reducing population burden of disease and 
associated financial costs. The beneficial effects of regular physical activity in reducing the risk 
of morbidity and mortality are well-documented. In addition, recent investigations have focused 
on the similarly negative health repercussions of sedentary behaviour.  In many societies, 
increased attention is now being directed towards health-related physical activity, which brings 
overall health benefits to participating individuals. However, the key issue in health management 
is to achieve permanent changes in habits and lifestyle.  
Many people are beginning to change their habits, and more importantly, they are maintaining 
these changes through challenging long-term processes that require much personal motivation. 
For this reason, technology has come to play a very important role in recent years in the 
promotion and support of an active lifestyle, particularly through increasing physical activity 
levels. Technologies have been developed to promote physical activity and change exercise 
behaviour through highly motivational new devices, such as Gruve. The Gruve contains a tri-axial 
accelerometer that monitors an individual’s every movement throughout the day and also 
measures activity intensity and duration.  It also collects and analyses physiological and lifestyle 
data to determine energy expenditure and activity levels.  
This project is being undertaken as part of the PhD program of Faisal Barwais.  The purpose of 
this research is to evaluate the impact of a five-week intervention period using the Gruve 
Online™ to reduce Sedentary Behaviour. 
The research team requests your assistance because you can provide us with information that will 
allow us to evaluate the impact of a five-week intervention period using the Gruve Online™ to 
reduce Sedentary Behaviour. 
PARTICIPATION 
Your participation in this project is entirely voluntary. If you do agree to participate, you can 
withdraw from the project at any time without comment or penalty. Any identifiable information 
already obtained from you will be destroyed. Your decision to participate, or not participate, will 
in no way impact upon your current or future relationship with QUT. 
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Your participation will involve two visits to the QUT School of Exercise and Nutrition Sciences, 
Kelvin Grove campus, O Block, A Wing, Room A313, and the completion of a number of short 
questionnaires and online activities, as outlined below. 
During the first University visit: (The total visit time will be 30 minutes.) 
i) Your height and weight will be measured.  
j) The researcher will instruct you on how to use the Gruve device, including monitor 
placement and duration of daily wear. The Gruve is a small device (about the size and 
shape of a pedometer) that you wear on your waist. The Gruve is designed perfectly to 
clip onto any style of waistband.  You should wear the Gruve while you go about your 
normal routine and remove it for sleep. Try not to alter your behaviour at all during this 
time, so that the system can get an accurate picture of your current activity levels. 
k) The researcher will explain to you how to access the Sedentary Behaviors and Light 
Intensity Physical Activity Scale (SB-LIPAS) and Wellness Evaluation of Lifestyle 
(WEL) online versions, and answer frequently asked questions (FAQ’s).  
l) You will set a daily achievable energy expenditure goal via the Gruve Online™. 
m) You will be asked to complete the online International Physical Activity Questionnaire 
(IPAQ) 7 items. 
n) Finally, you will be asked to complete a brief 12 items; (5 items) (e.g., I am currently 
sedentary, but I am thinking about changing) about stages of change and (7 items) about 
attitudes and beliefs about reducing sedentary time (e.g., It is likely that I will reduce my 
sedentary time to less than 8 hours per day for the next week). Some items will ask you to 
answer yes or no, some will ask for a rating from 1-7. 
During the assessment period (week 1): 
m) You will be asked to wear the Gruve for a period of seven days (weekdays and weekend) 
during free-living activities. 
n) At the end of each 24-hour period, you will complete the SB-LIPAS online version by 
indicating how many hours and minutes you spent in each of the categories (5 minutes). 
For example, how many hours and minutes do you spend Reclining – writing, talking or 
talking on phone, reading? 
o) You will be requested to complete for the first time the WEL online version (10 minutes). 
The WEL has 131 self-report statements, to which an individual will answer: Strongly 
Agree, Agree, Undecided or Neutral, Disagree, Strongly Disagree. Examples include: I 
engage in a leisure activity in which I lose myself and feel like time stands still?  I eat a 
healthy amount of vitamins, minerals, and fibre each day? 
During the period of the intervention (week 2 to week 5): 
a) You will be asked to wear the Gruve on a daily basis for a period of four weeks (weeks 2-
5) both on weekdays and weekend days during free-living activities. 
b) You will be asked to strive to achieve your daily Gruve goal. Progress towards the daily 
goal is displayed via changing colours in the halo light bar. The light bar transitions from 
red to orange, yellow, blue, and finally green, which indicates successful achievement of 
the daily goal. 
c) You will be encouraged to view your daily Gruve Online™ home page, which shows a 
variety of graphically represented information such as total daily caloric expenditure, 
colour zone achieved for each day, and progress towards the goal. 
During the final week (week 5): 
a) You will be asked to complete the SB-LIPAS online version at the end of each 24-hour 
period by indicating how many hours and minutes were spent in each of the categories. 
b) You will be requested to complete the list of time the WEL online version (10 minutes). 
During the last University visit: (The total visit time will be 15 minutes.) 
After five weeks you will visit QUT the School of Exercise and Nutrition Sciences to return the 
device. 
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d) You will be asked to complete a brief 12 items; (5 items) (e.g., I am currently sedentary, but 
I am thinking about changing) about stages of change and (7 items) about attitudes and 
beliefs about reducing sedentary time (e.g., It is likely that I will reduce my sedentary time to 
less than 8 hours per day for the next week). Some items will ask you to answer yes or no, 
some will ask for a rating from 1-7.  You will then be asked to complete 17 items about 
attitudes and beliefs about the perceived ease and usefulness of using the technology and 
becoming less sedentary (e.g., Using Gruve online enables me to reduce my sedentary time) 
(rating from 1-7). 
You will be asked to complete the online International Physical Activity Questionnaire (IPAQ) 7 
items. 
EXPECTED BENEFITS 
It is expected that this project will benefit you directly through an increased understanding of the 
volume of your time spent in sedentary activities. The Gruve monitor provides a sustainable path 
to reductions in the time spent sitting and a simple way to increase your calories used, and 
thereby increasing your likelihood of achieving your physical activity goals and enhancing 
overall health. 
RISKS 
There are no risks beyond normal day-to-day living associated with your participation in this 
project. 
PRIVACY AND CONFIDENTIALITY 
All comments and responses will be treated confidentially and will be made anonymous when 
presented or published. All information will be stored in form of hard copy and computer file on 
CD. All hard copy data (e.g. consent forms and recording sheets) will be stored in a locked filing 
cabinet in a locked office in the QUT School of Exercise and Nutrition Sciences. This area is 
accessible only to authorized staff and after hours the department is secure. Access to the 
computer requires entry via an authorized password and subsequent access to the data is restricted 
to password access specific to the investigator. Only the investigators will have access to the 
participant information. 
CONSENT TO PARTICIPATE 
We would like to ask you to sign a written consent form (enclosed) to confirm your agreement to 
participate. 
QUESTIONS / FURTHER INFORMATION ABOUT THE PROJECT 
If have any questions or require any further information please contact one of the research team 
members below. 
Faisal Barwais, PhD candidate Dr Tom Cuddihy, QUT Principal Supervisor 
School of Exercise and Nutr it ion Sciences  –  Health Faculty –  QUT 
07 3138 5832 faisal.barwais@student.qut.edu.au 07 3878 2518 t.cuddihy@qut.edu.au 
CONCERNS / COMPLAINTS REGARDING THE CONDUCT OF THE PROJECT 
QUT is committed to research integrity and the ethical conduct of research projects.  However, if you do 
have any concerns or complaints about the ethical conduct of the project you may contact the QUT 
Research Ethics Unit on 3138 5123 or email ethicscontact@qut.edu.au. The QUT Research Ethics Unit is 
not connected with the research project and can facilitate a resolution to your concern in an impartial 
manner. 
Thank you for helping with this research project.  Please keep this sheet for your 
information. 
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CONSENT FORM FOR QUT RESEARCH PROJECT 
Does Use of a Technology-Based Physical Activity Monitor Encourage Adults to Reduce 
Sedentary Behaviour? 
QUT Ethics Approval Number 1200000226 
RESEARCH TEAM 
Principal 
Researcher: 
Faisal Barwais PhD candidate 3138 5832 faisal.barwais@student.qut.edu.au 
Associate 
Researchers: 
Dr Tom Cuddihy  Principal Supervisor 3138 5862 t.cuddihy@qut.edu.au 
Dr Eric Brymer  Associate Supervisor 3138 3511 eric.brymer@qut.edu.au 
Dr Tracy Washington Associate Supervisor 3138 3276 tracy.washington@qut.edu.au 
STATEMENT OF CONSENT 
By signing below, you are indicating that you: 
 Have read and understood the information document regarding this project. 
 Have had any questions answered to your satisfaction. 
 Understand that if you have any additional questions you can contact the research team. 
 Understand that you are free to withdraw at any time, without comment or penalty. 
 Understand that you can contact the Research Ethics Unit on 3138 5123 or email 
ethicscontact@qut.edu.au if you have concerns about the ethical conduct of the project. 
 Agree to participate in the project. 
 
Name  
Signature  
Date   
Please return this sheet to the investigator. 
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Appendix 11: Email Invitation to Recruit Participants (QUT HREC: 
1200000226) 
 
Dear Sir/Madam 
 
As you may know habitual moderate physical activity is associated with many enhanced 
health outcomes, strengthened social connectedness, and increased academic capacity to 
focus and retain information along with overall enhanced self-esteem. I am sure that you 
will agree that these are desirable outcomes and worthy of your consideration. 
Additionally, many adults do not engage in sufficient physical activity to derive these 
benefits.    
 
The aim of this research project is to evaluate the impact of a novel and informative 
approach to behavioural change and health enhancement.  You will be asked to merely 
wear a small and intriguing device at your hip level.  This will occur daily for a five week 
period.  The device is an accelerometer (movement detector) known as the Gruve 
Online™ and the system included within it is designed to reduce sedentary behaviour 
among adults. 
 
My name is Faisal Barwais and I am from the School of Exercise and Nutrition 
Sciences at QUT. I am currently undertaking a nationwide research project as part of my 
doctoral studies under the supervision of Associate Professor Dr Tom Cuddihy. 
 
Volunteers required for study: 
 Males and females. 
 18 -45 years of age. 
 Sedentary behaviour, i.e. spending 7 or more hours per day in a sitting or reclining 
posture. 
 Able and willing to wear the Gruve tri-axial accelerometers for a five week 
intervention period (http://www.gruvetechnologies.com). 
 Able and willing to attend 2 visits (no more than 15 minutes) to the QUT School of 
Exercise and Nutrition Sciences, Kelvin Grove campus.  
 
Please view the attached recruitment flyer for further details on the study and how to 
participate.  
 
If you would like to participate in this study please contact Faisal Barwais at (07) 3138 
5832 or email faisal.barwais@student.qut.edu.au 
 
Please note that this study has been approved by the QUT Human Research Ethics 
Committee (approval number 1200000226). 
 
We greatly value your co-operation. Thank you for your time and consideration. 
 
 
 
Faisal Awad Barwais 
PhD Candidate 
QUT 
School of Exercise and Nutrition Sciences 
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Appendix 12: The ActiGraph GT3X determined variations in “free-living” 
standing, lying and sitting duration among sedentary adults in different BMI 
categories (Paper) 
Notes 
This paper is reproduced from:  Barwais, F.A., Cuddihy T.F., Rachele J. N., & 
Washington, T.L. (2013). The ActiGraph GT3X determined variations in “free-living” 
standing still, lying and sitting duration among sedentary adults in different BMI 
categories. Journal of Sport and Health Science. (Online pre-print), 
http://dx.doi.org/10.1016/j.jshs.2013.06.003 
This paper was a section of compiled from data that was collected for paper 2 (chapter 4).    
The candidate is first author on this paper and was responsible for all aspects of 
manuscript preparation, including reviewing the literature, study concept and design, data 
collection, analysing, interpreting the research findings, and writing the manuscript. The 
second, and fourth authors are member’ of the candidate’s supervisory team, and their 
contribution to the paper has been supervisory in nature. The third author, who is not a 
member of the candidate’s supervisory team, provided assistance with study concept and 
design.    
This paper has been Online pre-print for publication to a peer reviewed international 
journal.  
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Abstract 
Background: Overweight and obesity has become a serious public health problem in 
many parts of the world. Studies suggest that making small changes in daily activity 
levels such as ‘breaking-up’ sedentary time (i.e. standing) may help mitigate the health 
risks of sedentary behaviour. The aim of the present study was to examine time spent in 
standing (determined by count threshold), lying and sitting postures (determined by 
inclinometer function) via the ActiGraph GT3X among sedentary adults with differing 
weight status based on BMI categories. Methods:  Participants included 22 sedentary 
adults (14 men, 8 women; mean age 26.5 ± 4.1 years). All subjects completed the self 
report International Physical Activity Questionnaire (IPAQ) to determine time spent 
sitting over the previous 7 days. Participants were included if they spent 7 or more hours 
sitting per day. Postures were determined with the ActiGraph GT3X inclinometer 
function. Participants were instructed to wear the accelerometer for 7 consecutive days 24 
hours a day. BMI was categorized as: 18.5 to < 25 kg/m
2
 as normal, 25 to < 30 kg/m
2
 as 
overweight and > 30 kg/m
2
 as obese. Results:  Mean BMI was 26.9kg/m
2
 (range: 18 to 
44.6). Ten participants were classified as within the normal weight, 6 as overweight and 6 
as obese. Participants in the normal weight and overweight groups spent significantly 
more time standing (after adjustment for MVPA and wear-time) (6.7 and 7.3 hours 
respectively) and less time sitting (7.1 and 6.9 hours respectively) than those in obese 
categories (5.5 hours and 8.0 hours respectively) (p < .001) after adjustment for wear-
time. There were no significant differences in standing and sitting time between normal 
weight and overweight groups (p = .051 and p = .67 respectively). Differences were not 
significant among groups for lying time (p = .55). Conclusion: This study described 
postural allocations standing, lying and sitting among normal weight, overweight and 
obese sedentary adults. These results provide additional evidence for the use of increasing 
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standing time in obesity prevention strategies. Further research, including randomized 
controlled trials, are needed to determine the effect of increasing standing time on body 
composition.   
Keywords: Sedentary behaviour; anatomical position; inclinometer function; overweight; 
obesity. 
Introduction 
In recent decades, overweight and obesity has become a serious public health problem in 
many parts of the world (Pasco, Nicholson, Brennan, & Kotowicz, 2012). The prevalence 
of obesity, as defined by Body Mass Index (BMI) has increased dramatically worldwide 
(Du et al., 2013; Flegal, Carroll, Ogden, & Curtin, 2010; Gutiérrez‐Fisac et al., 2012; 
Rhee, Park, Kim, & Woo, 2013). BMI, which is based on the relationship between height 
and weight, is the most frequently used predictor for classifications of overweight (BMI = 
25.0 to 29.9) and obesity (BMI = 30 or higher) (Kuczmarski & Flegal, 2000). According 
to the World Health Organization (2008), approximately 1.5 billion adults of 20 years or 
older worldwide were classified as overweight, with approximately 500 million of these 
classified as obese (WHO). The rapidly rising rates of overweight and obesity have led to 
an increase in health risk factors for chronic diseases, including type II diabetes, 
cardiovascular diseases, various cancers and other health problems, all of which can lead 
to further morbidity and mortality (Chan & Woo, 2010).  Due to a modern lifestyle that is 
characterized by spending large periods of the day in low level energy pursuits, recent 
epidemiological and descriptive studies have examined the associations between weight-
related health risk and sedentary behaviour status (Healy, et al., 2008a; Owen, et al., 
2010a). Sedentary behaviour is defined as any waking behaviour characterized by an 
energy expenditure ≤1.5 METs while in a sitting or reclining posture (Sedentary 
Behaviour Research Network, 2012).  Light-intensity physical activities such as slow 
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walking, washing dishes, cooking food and other routine domestic or occupational tasks, 
involve low levels of energy expenditure (Pate, et al., 2008). In general, sedentary 
behaviour and light-intensity physical activity behaviours have become increasingly 
common in adults at home, at work and during their leisure time (Healy, et al., 2007; 
Jeffery & Utter, 2003). There is substantial evidence showing that adults spend most of 
their waking hours either in sedentary or in light-intensity physical activities. In a recent 
position statement on physical activity and exercise intensity terminology (Norton, et al., 
2010) a typical human 24 hour cycle was noted to consist of 7.5 hours sleeping, 9.4 hours 
in sedentary behaviors (“time spent sitting”), 6.5 hours in light-intensity activities and 
approximately 43 minutes of moderate or vigorous physical activity. Although activities 
of daily living are generally of light intensity, the cumulative effect of these activities has 
been shown to result in substantial increases in total daily energy expenditure (Levin & 
David, 1999; Levine, 2007a; Tremblay, et al., 2007). Several studies have focused on 
increasing energy expenditure through increasing Non-Exercise Activity Thermogenesis 
(NEAT) (Levine, 2007b; Tremblay, et al., 2007). NEAT is comprised of low energy 
expenditure of daily activities such as standing, walking, sitting and fidgeting, all of 
which are activities that are not considered planned physical activity in a person’s daily 
life (Levine, et al., 2005). Changing one’s postural position from seated to standing or 
engaging in light ambulation has been shown to significantly increase energy expenditure 
(Levine, et al., 2005). 
 
Incidence of overweight and obesity are related to a sedentary lifestyle and lack of 
physical activity. Given this relationship, there is an increased need to quantify sedentary 
behaviours (Racette, Deusinger, & Deusinger, 2003). Total time spent in sedentary 
behaviours can be captured by objective monitoring devices, such as accelerometers and 
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inclinometers (Biddle, et al., 2010). Accelerometers can quantify sedentary behaviour via 
the amount of time spent below a pre-defined intensity threshold (Rachele, McPhail, 
Washington, & Cuddihy, 2012), whereas inclinometers can quantify time spent in 
different postures by distinguishing between lying, sitting and standing (Biddle, et al., 
2010).  Nevertheless, investigators have begun to classify standing differently to sitting 
when defining sedentary time (Owen, et al., 2010a). Through the use of an inclinometer 
function, accelerometers now have the ability to measure the position of the lower body, 
whereby standing can be treated as a separate activity which is classified as a light 
activity (Harrington, et al., 2010). Devices have been developed which contain both 
accelerometer and inclinometer functions and have been used to report postures in 
previous research (Grant, et al., 2010; Kozey-Keadle, et al., 2011a; Levine, et al., 2005).  
To date, no studies have examined postures using the ActiGraph GT3X (Carr & Mahar, 
2011) inclinometer during free-living activities. The objective of this study was to 
examine time spent in standing (determined by count threshold), lying and sitting 
postures (determined by inclinometer function) via the ActiGraph GT3X among 
sedentary adults with differing weight status based on BMI categories. It was 
hypothesized that obese participants would spend less time standing and more time sitting 
when compared to normal weight or overweight participants.  
 
Materials and Methods 
Participants.  
Twenty-five adults were recruited through newsletter advertisements and flyers placed 
within buildings at a metropolitan university in Brisbane, Australia. Participants were 
required to meet the following inclusion criteria: (a) 18–45 years of age; (b) Sitting for 
more than 7 hours per day, as mandated by the International Physical Activity 
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Questionnaire (IPAQ), short version;(Rosenberg, et al., 2008)  and (c) the ability and 
willingness to wear accelerometers for a period of seven days (weekdays/weekend) 
during free-living activities and sleeping. Twelve (54%) participants were full-time 
students, while 10 (46%) worked full time. Participants read and signed a written 
informed consent forms to be included in this study. This study was approved by the 
Queensland University of Technology Human Research Ethics Committee. 
 BMI Measurement. 
Height was measured to the nearest 0.25 cm using a portable stadiometer (SECA model 
214, Seca Ltd., Birmingham, UK) and weight was measured to the nearest 0.1 kg using a 
portable electronic scale (SECA model 770, Seca Ltd., Birmingham, UK) following 
standard procedures (Marfell-Jones, et al., 2006).  Participants were asked to wear light 
clothes, and to remove shoes for measurements. Body mass index (BMI) was calculated 
as weight (in kg) divided by squared height (in meters). BMI groups were defined using 
the World Health Organization's (WHO) classification system being; underweight ≤ 18.5 
kg/m
2
, normal ≥ 18.5 to 24.9 kg/m2, overweight ≥ 25 to 29.9 kg/m2, and obese ≥ 30 
kg/m
2
 (WHO, 2000).  
 
Posture Measurements. 
Standing, sitting and lying were assessed using the tri-axis ActiGraph GT3X Activity 
Monitor (ActiGraph LLC, Pensacola, FL, USA). The device has dimensions of 1.5 × 
1.44 × 0.7 inches and has a weight of 28 grams. ActiLife software (version 5.6.1) was 
used with Low Frequency Extension (LFE) to increase the instrument’s sensitivity to 
improve accuracy while measuring sedentary behaviour (Rothney, et al., 2008). The 
GT3X provides two types of information: (1) physical activity measurements including 
activity counts and (2) inclinometer information (3 axis), used to determine posture (i.e. 
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as in vertical, horizontal, and lateral (Axes 1, 2, and 3)). With the GT3X device worn on 
the hip, the inbuilt inclinometer function detects standing, lying, sitting and “off”. The 
ActiGraph algorithm classifies counts above 100–1951 cpm as standing (Freedson, et al., 
1998; Matthews, et al., 2008).  If the counts are below 100 cpm, the information from the 
axes is used to classify whether the participant is sitting or lying or the device is “off” 
(Hänggi, Phillips, & Rowlands, 2013). 
Raw inclinometer data for each 60-second epoch was extracted and matched by date and 
time. Classification of each minute of activity into an anatomical position (i.e. standing, 
sitting and lying) of the accelerometer data was determined as per the manufacturer's 
specifications (i.e., 1 for standing, 2 for lying down, 3 for sitting, and 0 for non-wear) 
(see Figure 1). The protocols for most existing sedentary activity instruments request 
adults to wear the monitor during all waking hours and to remove it during sleeping time 
and for any water-based activity.  Non-wear time (including sleeping time and water 
activities) is often problematic, and can lead to measurement error in sedentary 
calculations (Barwais, et al., In Press; Healy, et al., 2011b; Masse, et al., 2005). In order 
to avoid this measurement error in the current study, participants wore the GT3X for a 
period of 7 days (weekdays and weekend days) during the full 24 hours (which included 
time spent lying while sleeping), though the GT3X was removed for water-based 
activities. Although sedentary behaviour is defined as activities in sitting or reclined 
positions ≤1.5 METs, and not including sleeping, sleeping still has a MET value of 
0.9,(Ainsworth, et al., 2000) and a considered decision was taken as the risk of loss of 
data due to non-wear time was more meaningful than differentiation between sleep and 
non-sleep lying time. Participants were asked to complete a time sheet recording the time 
and reason why the device was removed for 5 minutes or more for any activity such as 
swimming, showering or other activities. As recommended by the guidelines (Colley, et 
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al., 2010; Troiano, et al., 2008), for inclusion in the data analysis, a day was considered 
complete if it contained ≥ 16 hours per day of wearing time. Additionally, only 
participants with 7 complete days, including two weekend days were included. Research 
has shown that the GT3X inclinometer function  has acceptable validity when measuring 
activities of lying down, sitting watching TV, sitting using a computer, and standing still, 
with accuracy between 60.6 and 66.7% (Carr & Mahar, 2011).  
Statistical Analyses.  
All statistical analyses were carried out using SPSS statistical software, version 19.0 for 
Windows (IBM SPSS Inc., Chicago, IL). Participants were only included in the analysis 
if they wore the monitor for more than 16 hours per day. Analysis of covariance 
(ANCOVA) was used to compare adoption of the postures of sedentary behaviours (i.e. 
standing, sitting and lying) among the three BMI categories. Actual wearing time was 
employed as a covariate to partial the effects of different wear durations from the 
analysis. The ANCOVA assumptions were checked and none were violated. Sidak 
confidence interval adjustments were made for multiple comparisons.(Field, 2009) 
Standing time was additionally adjusted for moderate-to-vigorous intensity physical 
activity (MVPA) time (hours/day) and wear-time.  Effect size for time spent in the 
different sedentary postures of standing, lying and sitting was calculated as the difference 
between means of the normal weight, overweight and obese groups, divided by the 
standard deviation of the two groups. Calculating effect size is a recommended technique 
for presenting the 'meaningfulness' of differences between groups.(Cohen, 1988) Values 
for Cohen's d of (0.2-0.5), (0.5-0.8), and (>0.8) were interpreted as small, moderate, and 
large, respectively (Cohen, 1988). 
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Figure 1 Free-living time allocated across consecutive 24 hours spent in each of the postural positions of 
standing, lying, sitting, and non-wear.  
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Results 
 A total of 22 (88%) participants (14 males, 8 females) aged 18 to 45 years (mean age ± 
SD, 26.5 ± 4.1 years)  met the inclusion criteria for wear-time of more than 16 hours per 
day over  a  7 day period, and were included in the analysis. The majority of the 
participants were either fulltime students (54%) or worked full time (46%). 
Characteristics of the study participants are presented in Table 1. Participants wore the 
accelerometer for 7 days with an average of 22.23 hours of wear-time per day. The 
average durations of wear time (hr/day) for all participants were similar for both 
weekdays and weekend days (22.3 and 22.0 hours respectively). The mean BMI’s ± (SD) 
for each category are displayed in Table 1.  
Table 1: Demographic data for normal-weight, overweight and obese participants (mean ± SD). 
 Normal weight Overweight Obese 
Number of subjects    
      Male 5 3 6 
      Female 5 3 -- 
      Overall 10 6 6 
Age (years)    
      Male 27.2 ± 1.3 24.3 ± 4.7 28.0 ± 5.6 
      Female 26.8 ± 3.4 24.0 ± 4.5 -- 
      Overall 27.0 ± 2.4 24.1 ± 4.1 28.0 ± 5.6 
Height (cm)    
      Male 172.2 ± 5.9 177.3 ± 9.0 174.8± 6.4 
      Female 165.4 ± 5.1 166.3 ± 7.3 -- 
      Overall 168.8 ± 6.3 171.8± 9.5 174.8± 6.4 
Weight  (kg)    
      Male 61.4 ± 9.4 84.3 ± 11.5 108.8 ± 19.6 
      Female 63.8 ± 5.2 73.0± 1.0 -- 
      Overall 62.2 ± 7.3 78.6± 9.6 108.8 ± 19.6 
BMI (kg/m
2
)    
      Male 21.9 ± 1.6 26.7 ± 1.3 35.5 ± 5.8 
      Female 23.3 ± 1.5 26.4 ± 2.1 -- 
      Overall 22.6± 1.6 26.6 ± 1.5 35.5 ± 5.8 
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Daily posture frequencies are illustrated in Figure 2. Participants within the normal 
weight and overweight groups spent more time standing (6.7 and 7.3 hours, respectively) 
than those in the obese group (5.5 hours) after adjustment for MVPA and wear-time. 
The ANCOVA revealed that after accounting for the effects of MVPA and wear time 
there was a statistically significant effect of BMI status on standing time F (2,149) = 
13.02 (p < .001). 
 
Figure 2 Average hours per day spent in posture allocations standing, lying and sitting (Error bars 
represent SE). After adjustment for wear-time ** (p < .001), * (p < .05).  
 
Post-hoc tests showed significant differences in standing time for normal weight and 
overweight groups with obese groups (p < .001) while no significant difference was 
found between normal weight and overweight groups (p = .051) (see Figure 3). 
The ANCOVA revealed that after accounting for the effects of “wear time” there was a 
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statistically significant effect of BMI status on sitting time F (2,150) = 6.39 (p < .05). 
Post Hoc tests reveal a significant difference existed between the normal weight (7.1 
hours) and obese groups (8.0 hours) (p < .05), and between overweight (6.9 hours) and 
obese groups (p < .001) for sitting time.   There was no significant difference in sitting 
time between normal weight and overweight groups (p = .67) after adjustment for wear-
time.  No significant difference was found in the total time spent lying among all groups 
F (2,150) = .58 (p = .55).  
 
Figure 3 Average hours per day spent in the postural position of standing during days of week (Error 
bars represent SE).   
 
Large effect sizes were observed between the normal weight and obese groups (d = 0.9) 
and between the overweight and obese groups (d = 1.5) in time standing (Table 2). A 
moderate effect size was observed (d = .5) between the normal weight and the overweight 
group for standing duration.  A moderate effect size was observed for time spent sitting 
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between the normal weight and obese groups and between overweight and obese groups 
(d = 0.6 and d = 0.7 respectively).  The obese group spent significantly (p < .001) less 
time standing for weekdays compared with weekend days (5.8 and 5.4 hours) and less 
time than those in the normal weight (6.5 and 6.6 hours) and overweight (7.2 and 7.6 
hours) groups.  No significant differences were observed for weekdays compared with 
weekend days between normal weight (6.5 and 6.6 hours) and overweight (7.2 and 7.6 
hours) groups (p = .33 and p = .35 respectively) in standing time. Additionally, no 
significant differences were found for weekdays compared with weekend days in the total 
time spent sitting between normal weight (7.1 and 7.0 hours) and overweight (7.0 and 6.6 
hours) (p = .87 and p = .84 respectively), and between normal weight (7.1 and 7.0 hours) 
and obese (7.3 and 8.1 hours) (p = .31 and p = .31 respectively), as well as between 
overweight (7.0 and 6.6 hours) and obese (7.3 and 8.1 hours) (p = .25 and p = .13 
respectively).  For total time spent in lying, there were no significant differences for 
weekdays compared with weekend days between normal weight (9.4 and 9.3 hours) and 
overweight (9.3 and 9.2 hours) (p = .88 and p = .99 respectively), and between normal 
weight (9.4 and 9.3 hours) and obese (9.8 and 9.3 hours) (p = .87 and p = .95 
respectively), as well as between overweight (9.3 and 9.2 hours) and obese (9.8 and 9.3 
hours) (p = .54 and p = .99 respectively). 
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Table 2: Duration and estimated effect sizes, comparing BMI categories in time spent in different postures 
(standing and sitting). 
 
 
 
Time 
(hours) in 
Standing 
BMI classification N’s Mean 
(hours) 
SD 
(hours) 
Cohen'
s d† 
Cohen's 
classifications 
 
Normal weight 
Overweight 
10 6.7 1.4 0.5 moderate* 
6 7.3 1.2  
Normal weight 
Obese  
10 6.7 1.4 0.9 large** 
6 5.5 1.4  
Overweight   
Obese  
6 7.3 1.2 1.5 large** 
6 5.5 1.4  
 
 
 
Time 
(hours)in 
Sitting 
      
Normal weight 
Overweight  
10 7.1 1.3 0.2 small 
6 6.9 1.6  
Normal weight 
Obese  
10 7.1 1.3 0.6  moderate* 
6 8.0 1.9  
Overweight  
Obese  
6 6.9 1.6 0.7 moderate* 
6 8.0 1.9  
**Large effect size p<.001 
* Moderate effect size p<.05 
 
Discussion 
 
The results of this study support the hypothesis that obese participants, on daily average, 
spent significantly less time standing (5.5 hours) and more time sitting (8.0 hours) than 
either the normal weight (6.6 hours standing and 7.6 hours sitting)  or overweight groups 
(7.3 hours standing and 6.9 hours sitting). These results are comparable to a study 
conducted by Levine et al.(Levine, et al., 2005) who studied 10 lean and 10 obese 
sedentary adults, using a physical activity monitoring system (PAMS) that collected data 
on body positioning (standing still, sitting, and lying) for 10 consecutive days. Those 
researchers found that the lean group stood for 2 hours longer per day than the obese 
group. In addition, the obese group was seated an average of 2.7 hours longer each day 
than the lean group. The obese group in the current study sat for comparatively less time 
(0.4 hours/day) yet stood for longer than those in the Levine study. A study by Schaller et 
al., (2005) also showed that obese individuals self-reported spending significantly more 
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time sitting (watching TV or using the computer for leisure) compared to normal weight 
or overweight groups. 
Unexpectedly, this investigation found no significant difference in standing and sitting 
time between normal weight and overweight groups.  There are several possible reasons 
why, on daily average, these overweight individuals spent more time in standing than did 
the normal weight participants. It is possible that the assessment time period in this 
investigation may have been too short. It should be noted that, for standing, because all of 
the people in this study were initially sedentary (IPAQ criteria), the expected differences, 
between the overweight and normal weight participants who, in other studies, may 
initially present with a normal range of physically active behaviours, are not found in 
these data. Consequently, the variance observed for “standing” is small therefore the 
differences which may be found between normal weight and overweight groups were 
reduced for this group. However, while there was a trend, no significant difference 
between the groups was found. A large sample would provide greater clarity. The relative 
instability of standing time between normal and overweight people requires more 
research for confirmation.  However, this is an unexpected result and does not agree with 
current study hypothesis i.e. the group with the higher BMI (the overweight group) were 
less sedentary (stood for longer) than the group with lower BMI.  Objective measurement 
of sedentary behaviours with larger sample sizes remains a priority for future research. 
 
 No significant difference (p= .55) was observed among all groups for time spent lying 
(normal weight 9.3; overweight 9.3; obese 9.6 hours). These results are in line with 
previous research, which illustrates that lean and obese groups spent approximately the 
same amount of time lying down (Levine, et al., 2005). The large amount of lying in this 
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sample is not surprising, given that sedentary adults often spend most of their waking 
hours either sitting or lying down (Matthews, et al., 2008). 
  
In the face of growing sedentary lifestyle behaviour (sitting and lying), variants of light-
intensity physical activities have become increasingly important. It has been shown that 
breaking up sedentary time such as with short bouts of light- or moderate-intensity 
walking, or activities as minimal as standing rather than sitting can have positive effects 
on BMI (Dunstan & Owen, 2012; Levine, et al., 2005). For instance, a review of 
experimental research by Levine and Miller (2007) found that if obese sedentary adults 
were to replace 2 to 3 hours of sitting in front of the computer with walking, energy 
expenditure could increase by 100 kcal/h. If other components of energy balance were to 
remain constant, a weight reduction of 20 to 30 kg per year could occur (Levine & Miller, 
2007). 
Due to the high levels of time spent in sedentary pursuits (e.g. sitting) time observed in 
our sample and the fact that the majority of the participants were sedentary university 
students; it may be expected that these adults would sit more on weekdays than weekend 
days. However, the participants spent similar amounts of time sitting on both weekdays 
and weekend days. This finding differs from results of previous research which show that 
on average, sitting time was higher on weekdays than on weekend days (Lee, Mama, & 
Lopez III, 2012; Proper, Cerin, Brown, & Owen, 2006; van Uffelen, Watson, Dobson, & 
Brown, 2011). In contrast, a recent study by Burton et al., (2012) examined 7,719 people 
mid-aged adults' self-reported sitting time in variations between weekdays and weekend 
days, with longer sitting times on weekend days as opposed to weekdays. However, 
studies examining sitting time during weekdays and weekend days have relied on self-
reported data, in which sitting time has been defined either by the amount of time spent 
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watching television or time spent sitting in different settings, such as transport, at home, 
at work and during leisure time. A recent study highlighted limitations associated with 
the use of self-report measures of sitting time. Lee et al., (2012) found that self-reports of 
time spent sitting on weekdays were subject to less bias due to work and leisure time 
routines,  but the average weekend days provided more discretionary time, therefore, 
there was increased potential for more reporting error.  Moreover, our finding is different 
to those of a recent experimental study from Australia of 193 employees working in 
offices (Thorp et al., 2012), which found that sitting, assessed using the ActiGraph GT1M 
accelerometer, was higher on workdays than weekend days. Another study of Scottish 
postal workers (Tigbe, Lean, & Granat, 2011), using activPAL™ for seven days, reported 
that office-based workers spent more sedentary time during workdays and less time  on 
weekend hours than did postal delivery workers. As indicated previously, sitting time 
may be an important risk factor for chronic health problems, thus accurate measurement 
of time spent sitting throughout both weekdays and weekend days, is important for our 
understanding of the links between sitting time and health.  
 
The strength of this study is in its assessment of daily posture allocation (i.e. standing, 
sitting and lying) using a new inclinometer function included with the ActiGraph GT3X 
accelerometer. As a part of the inclusion criteria, behaviour status for all participants was 
determined as sedentary via the IPAQ. Additionally, participants wore the accelerometer 
during free-living and sleeping hours for an average of 22.23 ± 1.3 hours/day for seven 
days (No participants reported any issues with wearing the GT3X while sleeping). The 
limitations of this study however, included a relatively small sample size of university 
students, and lack of female participants categorized as obese. The majority of the 
participants were full-time students (54%), who participated at the end of the academic 
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year. This is a period of intensive examinations, which may reflect relatively smaller 
changes in postural allocations between weekdays and weekend days  (Daskapan, Tuzun, 
& Eker, 2006).  However, the results indicate a positive relationship between levels of 
adiposity and sedentary behaviours which have developed over a much longer time 
period that the exam week. Additionally, this study has presented postural allocation 
times over a 24-hour day. The GT3X device (inclinometer function) is also unable to 
distinguish between lying awake and lying asleep. However, without a self-report log for 
participants to report sleep time, it is difficult to make conclusions regarding total time 
spent lying awake or asleep. This makes it difficult to compare these results with previous 
studies, whereby participants removed the monitor for sleep, and therefore sleep time 
could be quantified. 
 
 Furthermore, previous studies have investigated that when using the GT3X inclinometer 
function data should be interpreted with care, as misclassifications are common for 
standing to be misclassified as sitting (Hänggi, et al., 2013; McMahon GC, Brychta RJ, & 
inventors., 2010). Self-reports should be used in addition to objective indicators of 
movement to quantify the amount of sedentary behaviour throughout the day (morning, 
afternoon and evening, both weekdays and weekend days), and to identify sedentary 
behaviour found across all domains: work, leisure, home and transport (Barwais, et al., In 
Press). Further research needs to be conducted, with a larger sample size, and with 
additional measures such as caloric intake, so that interactions and relationships between 
physical activity, sedentariness and caloric intake may be more closely examined. 
Furthermore, comparisons should be made for postural allocations (i.e. the inclinometer 
functions of standing, sitting and lying) between sedentary and non-sedentary 
participants. Given the findings from this study, more research, including randomized 
  228 
controlled trials, are needed to explore the potential for using increased standing time on 
body composition in obesity prevention strategies. 
 
Conclusions 
This study is one of the first to use the GT3X inclinometer function-measured time spent 
in standing, lying and sitting postures among sedentary adults within differing BMI 
categories. This study identified that obese participants, on daily average, spent 
significantly less time in a standing posture and more time sitting than either the normally 
weighted or overweight groups. Given that standing caloric expenditure is double that of 
sitting and lying (Levine, et al., 2005),  practitioners working with obese individuals 
should use an approach that includes increasing daily standing time, as well as reducing 
daily sitting when aiming to achieve a weight loss. Further, additional research, including 
randomized controlled trials, is needed to determine the effect of increasing standing time 
on body composition. 
 
 
 
